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FOREWORD 


The  work  reported  herein  was  performed  In  accordance  with  Air  Force 
Contract  F3361 5— 77— C— 2029  under  the  direction  of  the  Fire  Protection  Branch 
(AFWAL/POSHj  of  the  Fuels  and  Lubrication  Division,  Aero  Propulsion 
Laboratory,  Air  Force  Wright  Aeronautical  Laborator les,  Wr Ight-Patterson 
Air  Force  Base,  Ohio,  under  Project  2348,  Task  01,  Work  Unit  02,  with 
Mr  G.T.  Beery  and  Mr  T.A.  Hogan,  AFWAL/POSH,  as  Project  Engineers. 

This  report  Is  the  result  of  utilizing  ultra-violet  CUV)  radiation 
technology  In  the  development  and  flight  testing  of  an  advanced  aircraft 
fire  detection  system. 

The  contractor  was  General  Dynamics,  Fort  Worth  Division,  Fort  Worth, 

Texas.  Mr,  R.J.  Springer,  Program  Manager,  directed  the  efforts  of 
P.H.  Lang,  W.B.  Kirk,  B.B.  Witte,  D.C.  Nelson,  and  J.  Phillips.  The 
overall  effort  was  under  the  supervision  of  Mr.  C.E.  Porcher,  Manager, 
Propulsion  and  Thermodynanlcs  Section.  Gravlner  Ltd./HTL  Industries, 
General  Dynamics  subcontractor,  accomplished  the  design,  fabrication, 
environmental  testing  and  support  for  the  flight  test  phase  of  the  program. 
Graviner/HTL's  efforts  were  directed  by  Mr.  S.P.  Robinson  who  was  supported 
by  P.H.  Sheath  and  D.J.V.  Smith.  Sacramento  Air  Logistics  Command  (SM-ALC) 
provided  the  F-lll  aircraft  and  support  for  the  flight  test  phase  of  the 
program.  Mr  B.W.  Nichols,  SM-ALC  Engineering,  coordinated  the  flight 
testing  at  McClellan  Air  Force  Base. 

This  rep>ort  describes  the  results  of  work  conducted  during  the  period  of 
15  December  1977  to  26  October  1981. 

This  Is  Volune  II  of  three  volumes.  Volune  !  describes  the  overall  work  of 
the  program  which  includes  the  results  of  the  flight  test  phase.  Volume  II 
contains  a  description  and  details  of  the  system  circuit  and  software 
design.  Volune  til  contains  a  description  and  details  of  the  Ground 
Support  Equipment  (GSE)  which  Is  used  as  a  fault  diagnostic  maintenance 
tool  . 
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SUMMARY 


Analysis  and  details  that  include  the  electrical  circuit,  power 
supply,  microprocessor  boards,  and  logic  cards  were  completed 
for  each  component  in  the  -.ystem.  In  addition  a  software  program 
was  completed  that  included  initialization,  processing  of  adjacency 
and  absent  head  information,  software  assembly  listings,  instruction 
summaries  for  the  RCA  1802  microprocessor,  and  the  COSMAC  Level  2 
assembly  language  of  the  microprocessor.  A  qualification  test  was 
completed  after  the  design  and  fabrication  of  the  system  components. 
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1 . 0  INTRODUCTION 


1.1  Microprocessor  Selection 


The  trade  study  determined  that  the  design  should  be  based  on 
the  use  of  a  microprocessor.  Microprocessor  evaluations  deter¬ 
mined  that  the  RCA  1802  microprocessor  would  best  provide  the 
needs  of  the  system  requirements.  The  CMOS  design,  low  power 
consumption,  and  low  immunity  to  noise  were  the  primary  features 
for  the  selection  of  the  1802  for  the  UV  fire  detection  system. 


1.2  Microprocessor  Integration 


The  integration  of  the  microprocessor  into  the  system  design 
provides  the  flexibility  and  programmability  needed  to  meet  the 
high  reliability  requirements  of  this  program. 


•«< 
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2.0  COMPONENT  DESIGN 


2.1  Detecton 

The  main  design  constraints  of  the  sensor  heads  arose  from  the 
requirement  to  use  the  proven  Graviner  D6100  UV  cell  with  ita 
associated  UV  test  emitter,  to  withstand  the  environmental 
conditions  of  a  military  aircraft  engine  installation  and  to  be 
as  small  and  lightweight  as  possible.  Physical  characteristics 
are  shown  on  Figures  2-1, 2-2  and  on  Installation  Schematics 
Figures  2-3  and  2-4. 

Within  these  design  constraints  the  configurations  developed  and 
shown  on  drawings  53522-011  and  53521-012  are  probably  close  to 
and  optimum.  (References  2-1  and  2-2.) 

The  designs  are  based  on  the  assumption  of  production  quantities 
that  would  Justify  expenditure  on  tooling  for  pressed  steel  case¬ 
work  but  the  sensor  assemblies  used  during  this  program  were 
fabricated  without  tooling  to  simulate  the  proposed  production 
design. 

The  photocell  and  protective  quarts  dome  are  mounted  on  a  thin 
steel  retainer  with  a  fillet  of  silicone  potting  compound.  This 
assembly  is  then  spot  welded  to  the  case.  In  early  development 
samples,  some  difficulties  were  experienced  with  emitter  glass 
envelopes  cracking  during  low  temperature  tests  but  this  was 
later  overcome  by  incorporating  a  resilient  rubber  compound 
coating  prior  to  emitter  assembly. 

The  simple  mounting  base  is  intended  for  use  with  a  variety  of 
aircraft  brackets  which  might  be  necessary  to  provide  appropriate 
viewing  directions  in  an  engine  installation. 

The  assembly  meets  the  required  life  of  10,000  hours  at  250°C  with 
the  exception  of  the  electrical  connector,  which  has  a  life  limited 
by  the  manufacture  to  1000  hours  at  250°C. 


2 . 2  Component  Deelgn  -  Computer  Control  Unit 
2.2.1  Construction 

System  A  and  System  B  electronic  circuitry  is  contained  in 
mechanically  identical  racking.  General  Assembly  drawings 
53813-203  and  53813-204  show  pictorislly  tha  systems’  -con» 
truction.  (References  2-3  and  2-4.)  Physical  characteristics 
are  shown  on  Figure  2-5. 
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FIGURE  2-3  SYSTEM  1 A ’  INSTALLATION  SCHEMATIC 


The  essential  features  of  both  systems  are  as  follows: 

a)  It  Is  a  box  construction  consisting  of  formed  top, 
bottom  and  side  panels,  with  two  similar  cast  end  plates. 

The  rear  panel  has  on  its  external  face  indented  locating 
slots  to  ensure  correct  positioning  of  the  units  in  the 
aircraft  racking  and  on  its  internal  face  it  contains 
guides  to  ensure  location  and  adequate  fixing  for  the 
printed  circuit  boards. 

The  front  panel  has  mounted  through  it,  two  captive  knurl 
headed  screws  to  provide  fixing  to  the  aircraft  racking. 

Two  circular  electrical  multipin  connectors  are  mounted 
through  the  front  panel.  One,  termed  on  the  front  panel 
label  the  'aircraft  plug',  routes  to  the  electronics  power 
and  signals  from  detectors  and  also  carries  the  signals 
to  the  crew  warning  unit  (CWU) .  The  second  connector, 
termed  the  GSE  plug,  is  utilized  when  the  system  is  inter¬ 
rogated  by  ground  support  equipment  and  is  not  normally 
used  when  the  aircraft  is  operational. 

Internally,  the  box  contains  a  cross  member  which  acts  to 
make  the  construction  more  rigid.  To  this  are  attached  the 
printed  circuit  board  guides, 

b)  Within  the  box  a  mother  board  printed  circuit  card  acts 
to  connect  the  various  parts  of  the  control  unit  electronics 
together.  On  the  mother  board  are  mounted  connectors  which 
mate  with  the  cable  harness  connected  to  the  two  circular 
connectors,  and  to  the  daughter  board  connectors.  The  mother 
board  also  houses  the  transformer  for  the  systems’  power  supply 
requirements. 

c)  A  filter  board  is  mounted  on  the  front  panel,  close 
to  the  aircraft  plug  such  that  incoming  power  can  be 
filtered. 

d)  The  printed  circuit  cards  contained  within  the  units  are 
interconnected  via  the  mother  board,  and  consist  \d£ ,  in  the 
case  of  System  A,  a  common  logic  card,  two  microprocessor 
cards,  two  head  drive  cards,  a  master  logic  card  and  a  slave 
logic  card.  In  the  case  of  System  B,  the  unit  contains  a 
common  logic  card,  a  microprocessor  card,  a  head  drive'  card, 
a  master  logic  card  and  a  battery  card  which  is  braced  such 
that  the  mass  of  batteries  does  not  cause  vibration  problems. 
Each  card  edge  connector  is  polarized  such  that  boards  cannot 
be  incorrectly  located  within  the  boxes. 


A  block  diagram  of  th«  CCU  is  shown  in  Figure  2-6.  This  is  shown 
to  give  a  general  appreciation  of  the  way  the  CCU  printed  boards 
Interface  with  each  other.  Circuit  description  is  essentially  on 
a  board  by  board  basis.  Reference  is  made  to  the  CCU  circuit  dia¬ 
gram  53813-203CD  (System  A)  or  53813-204CD  (System  B) ,  for  a  clearer 
understanding  of  the  way  cards  are  interconnected.  (References  2-5 
and  2-6.) 
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2. 2. 2.1.  Drive  Supply  Card 


(Circuit  diagram  43761-143-CD)  -  Reference  2-7 


The  drive  supply  card  consists  of  a  320v  DC  stabilized  supply,  a 
S.6v  and  a  Sv  DC  stabilized  supply,  8  head  drive  circuits,  an 
emitter  drive  circuit  and  a  low  voltage  detection  reference. 


2. 2. 2. 1.1.  320v  DC  Supply 

The  AC  voltage  from  the  t c ana f or  me r *  a  secondary  winding  No.l  is 
rectified  via  the  bridge  rectifier  Dl,  D2,  D3  and  D4  and  smoothed 
by  Cl.  C31  is  a  radio  frequency  suppression  capacitor.  This 
voltage  is  then  stabilized  to  320v  DC  by  means  of  a  series 
feedback  regulator.  D12  and  R6  provide  a  reference  voltage  for 
the  emitter  of  TR 3.  R9  and  Rll  potentially  divide  the  output 
voltage  which  feeda  the  base  of  TR3.  as  the  output  voltage 
increases,  TR3  base  rises  above  the  reference  voltage  and  TR3 
starts  to  conduct.  This  in  turn  clamps  the  base  of  TR2  and  the 
output  voltage  .  D16  protects  TR 2  from  exceeding  its.  reverse 
voltage  rating.  The  base  drive  to  TR2  is  provided  by  a  constant 
current  source  generated  by  TRl.  D9  and  Rl  set  up  a  reference 
voltage  for  the  base  of  TRl.  R4  sets  up  a  constant  current  in 
the  emitter  lead  of  TRl.  Hence  a  constant  current  is  developed  in 
the  collector  of  TRl.  The  320v  DC  supply  powers  the  head  drive 
circuits  and  the  emitter  drive  circuits. 


2. 2. 2. 1.2.  5 . 6 v  and  Sv  DC  Su; 


The  AC  voltage  from  the  transformer's  secondary  winding  No.  2  is 
rectified  via  the  bridge  rectifier  D5,  D6,  D7  and  DB  and  smoothed 
by  C3.  C2  i s  a  radio  frequency  suppression  capacitor.  This 
voltage  is  then  stabilized  to  5.6v  via  sn  emitter  follower 
regulator.  A  reference  voltage  at  the  base  junction  of  TR4  is 
set  up  by  R7  and  the  combined  forward  voltages  of  d13,  D14  and 
D15.  R8  sets  up  a  constant  current  in  the  emitter  lead  of  TR4. 
This  in  turn  sets  up  a  constant  current  in  the  collector'  lead 
which  supplies  zener  diode,  D17,  and  base  drive  to  TR5.  D17 
provides  s  reference  voltage  (6.2v)  at  the  base  junction  of  TR5 
causing  the  emitter  of  TR5  to  provide  a  5.6  volt  output.  C4 
smooths  this  voltage  and  acts  as  an  energy  store  for  sudden 
surges  in  current.  D18  protects  TR5  base  emitter  junction  from 
exceeding  its  reverse  voltage  rating  when  supply  is  switched  off. 
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FIGURE  2-6  COMPUTER  CONTROL  UNIT  BLOCK  DIAGRAM 


Two  further  supplies  are  generated  from  this  voltage  via  D19  and 
020.  The  $.6v  supplies  power  to  the  common  output  logic 
card.  The  5.6v  supply  via  D20  powers  all  logic  and 
microprocessor  devices  except  the  RAN  which  is  powered  via  019. 
This  ensures  that  the  RAM  is  isolated  in  the  event  of  supply 
failure  or  disconnection.  In  this  case  the  RAM  is  powered  by  a 
separate  battery  pack  as  detailed  in  Section  2. 2. 2.6. 

2. 2. 2. 1.3.  Low  Voltage  Detection 

This  circuit  monitors  the  rectifier  voltage  of  the  transformers 
No.  2  secondary  winding.  The  voltage  is  potentially  divided  by 
DIO , R2, R3  and  R71.  The  voltage  across  R3  is  fed  to  the  common 
logic  card.  This  circuit  provides  an  early  warning  signal  to  the 
microprocessor  that  the  supply  is  fa  ling  as  detailed  in  Section 
2. 2. 2. 4. 4. 2. 

2. 2. 2. 1.4..  Head  Drive  Circuit 

The  head  drive  circuit  is  designed  to  enable  one  side  of  the 
photocell  to  be  common  with  the  Ov  line.  Thereby,  minimizing 
the  amount  of  wiring  required  in  the  aircraft  and  control  unit. 
The  head  circuit  consists  of  four  sections: 

i)  The  Detector  Current  Sensor, 

ii)  Head  Turn  Off  Time  Control  Circuit. 

(not  part  of  the  drive  supply  card) 

ii i)  Head  Turn  Off 

iv)  Current  Limit  Circuit 

Circuit  description  relates  to  head  drive  1  consisting  of 
transistors  TR6,  7  and  14  with  associated  components. 

2. 2. 2. 1.4.1.  The  Detector  Current  Sensor 

The  head  current  sensor  PNP  transistor  TR14,  which  in  standby 
mode  is  biased  off.  When  the  supply  is  switched  on  the 
capacitance  across  the  leads  to  the  photocell  charges  up  via  R32. 
R7 2  and  C23  are  designed  to  charge  up  at  a  slower  rate  than  R32, 
R  and  the  lead  capacitance  therefore  reverse  biasing  the  base 
emitter  junctions  of  TR14  and  holding  it  off.  D38  protects  the 
base  emitter  junction  of  TR14  from  exceeding  its  reverse  voltage 
rating. 

when  UV  is  present  at  the  photocell  it  will  conduct  causing 
current  to  be  drawn  through  R,  R  3  2 ,  r72  and  the  emitter  base 
junction  of  TR14.  TR14  conducts  and  current  flows  through  R24 
and  R25.  C5  reduces  the  radio  frequency  interference  generated 
when  the  current  sensor  circuit  is  operating.  The  voltage  across 
R25  is  coupled  via  C 9  to  the  head  turn  off  timing  control  circuit 
on  the  logic  card. 

2. 2. 2. 1.4. 2.  Head  Turn  off  Time  Control  Circuit 


The  head  turn  off  timing  circuit  is  described  in 
Section  2 . 2. 2. 3. 5. 


2. 2. 2 . 1.4. 3.  Head  Turn  Off 


The  output  from  the  logic  card  feeds  the  base  junction  of  TR7. 
R13  is  a  pull  down  resistor  to  ensure  TR7  does  not  turn  itself  ON 
due  to  collector  base  leakage  current.  A  5  volt  signal  from  the 
logic  card  causes  TR7  to  turn  ON.  The  potential  divider  chain, 
R12  R 20  then  clamp3  the  base  of  TR6  to  approximately  15v.  TR6 
acts  as  an  emraitter  follower,  therefore  the  voltage  across  the 
photocell  is  reduced  to  approximately  lSv  allowing  the  photocell 
to  deionize.  At  the  end  of  the  timing  period  the  signal  from  the 
logic  card  returns  to  Ov.  TR7  turns  off  allowing  TR6  to  be 
turned  on  by  R12  returning  the  photocell  voltage  to  320v. 

2. 2. 2. 1.4. 4.  Current  Limit  C ircuit 


If  the  head  lead  becomes  short  circuit  to  ground,  TR14  turns  hard 
ON  and  an  output  pulse  is  passed  to  the  logic  card.  TR7  turns  on 
and  the  voltage  across  the  photocell  drops  to  approximately  lSv. 
At  the  end  of  the  head  time  off  period  TR7  turns  off  allowing  TR6 
to  turn  on,  but  as  TR14  is  being  held  hard  on  excessive  current 
is  being  drawn  through  R80.  When  the  voltage  developed  across 
the  base  emitter  junction  of  TR6  and  R80  equals  the  combined 
forward  voltages  of  D2S  and  D55  no  further  increase  in  TR6  base 
drive  occurs,  and  hence  the  current  is  limited.  D47  isolates 
the  head  circuit  from  seeing  negative  going  spikes. 

2. 2. 2. 1.5.  Emitter  Drive  Circuit 

The  emitter  drive  circuit  is  designed  so  that  a  maximum  of  8 
emitters  can  be  powered  at  one  time.  The  emitters  are  connected 
in  parallel  to  minimize  aircraft  and  control  unit  wiring.  The 
circuit  consists  of  three  partss 

i)  Time  Sharing  350v  Switch, 

ii)  Emiter  Enable  Circuit  (Head  Test) 

iii)  Emitter  Verify  Circuit. 


2. 2. 2. 1.5.1.  Time  Sharing  350 v  Switch 


The  voltage  to  the  emitter  enable  circuit  is  controlled  by  the 
time  share  switch.  The  timeshare  signal  from  the  logic  card  (at 
pin  8)  is  a  square  wave.  When  the  output  is  high  TR30  turns  on 
via  a  base  current  limiting  resistor  R4  (on  logic  card),  this 
holds  TR32  off.  TR31  is  turned  on  by  R62  and  350v  DC  is 
supplied  to  the  emitter  enable  circuit.  When  the  output  of  the 
logic  card  goes  low,  TR30  turns  off  and  TR32  turns  ON  via  R61 
pull  up  resistor. R62  and  R63  potentially  divides  the  350v  supply 
clamping  the  base  of  TR31  to  approximately  154v.  The  emitters, 
which  require  greater  then  90v  to  strike,  will  therefore  turn 
off.  R60  is  a  pull  down  leakage  current  resistor  for  TR30 
emitter  base  junction. 


2. 2. 2. 1.5. 2.  Emitter  Enable  Circuit 


Under  standby  condition  l.e.  emitter  off,  the  head  test  input 
(pin  9)  from  the  logic  card  is  low  (Ov).  TR34  is,  therefore, 
turned  ON  via  R65  pull  up  resistor.  R64  and  R66  potentially 
divide  the  voltage  from  the  time  share  switch  which  clamps  the 
base  of  TR33  to  approximately  25v  when  TR21  emitter  voltage  is 
high  and  approximately  lv  when  it  is  low.  TR33  is  an  emitter 
follower  and  2Sv  or  lv  is  fed  to  the  emitters  (connected  at  pin 
IS)  via  a  current  limiting  resistor  R69. 

When  the  head  test  input  goes  high,  the  emitter  of  TR34  is  held 
at  Sv. 

Because  the  pull  up  resistor  R65  is  supplied  from  the  5v  power 
supply,  TR 3 4  turns  off  and  TR33  turns  on  via  pull  up  resistor, 
R64.  The  voltage  at  the  emitter  TR33  will  then  follow  the  voltage 
at  TR31  emitter  which  changes  from  350v  to  15v  in  sympathy  with 
the  time  share  input.  D37  protects  TR33  from  exceeding  its 
reverse  voltage  rating  when  it  turns  off. 

2. 2. 2. 1.5. 3.  Emitter  Verify 

The  circuit  monitors  the  output  voltage  to  the 
emitters  so  that  the  microprocessor  can  confirm  when 
the  emitters  are  on. The  output 

voltage  from  TR33  is  potentially  divided  by  R67  and 
R68.  The  junction  of  these  resistors  feeds  the 
base  of  TR35.  When  the  emitter  line  voltage  is  high 
(350v) ,  there  is  sufficient  voltage  at  the  base  of 
TR35  to  turn  it  ON.  The  collector  of  TR35  goes  low 
which  feeds  the  EF3  (NOT)  input  of  the  microprocessor 
card.  when  the  output  goes  low  TR35  turns  off  and 
the  output  is  pulled  up  via  R70  to  the  5v  line. 

Because  the  lead  capacitance  tends  to  hold  the 
emitters  on  for  a  short  period  after  the  emitter 
circuit  has  been  switched  off,  it  is  necessary  to 
discharge  this  capacitance. 

2.  2.  2. 2.  Microprocessor  Boards 


(Circuit  diagram  reference  43761-141CD)  -  Reference  2-B 

The  microprocessor  card  houses  a  CMOS  microprocessor  (IC1)  CDP 
1802  CD  and  CMOS  memory  consisting  of  3K  bytes  of  read  only 
memory  (ROM)  and  256  bytes  of  random  access  memory  (RAM).  All 
other  integrated  circuits  contained  on  the  card  are  CMOS  to 
ensure  high  noise  immunity  and  low  power  consumption.  The  ROM 
consists  of  6  IC’s,  ICS  -  IC10  each  being  UV  erasible  512  word 
8  bit  configured  parts,  IM  6654MJG,  manufactured  by  Inters).?. 
RAM  is  formed  by  IC2  and  IC3  configured  as  256  bit  by  4 
manufactured  by  RCA,  part  number  CDP  1S22CD. 
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Memory  is  arranged  such  that  ROM  resides  between  locations 
H'OOOQ*  and  H'OBFF’  and  RAM  resides  between  locations  H'OCOO*  and 
H'OCFF'.  This  is  controlled  by  IC4  (CDP1859CD)  which  latches  and 
decodes  address  line  information  as  further  described. 


The  microprocessor  issues  the  address  on  to  the  data  bus  in  two 
bytes.  Firstly,  the  upper  byte,  whose  correct  presence  is 
defined  by  a  timing  pulse  TPA  whose  negative  edge  is  used  to 
latch  the  address  into  the  4  bit  latch/decoder  IC4  via  its  clock 
input  (CK).  At  the  time  immediately  after  the  falling  edge  of 
TPA,  the  address  All,  A10,  A9  and  A8  have  been  latched  into  IC4 
via  address  line  A3  to  AO.  The  truth  table  of  XC4  shows  that  A8 
and  A9  and  their  compliments  are  provided  as  latched  outputs 
while  A10  and  All  are  decoded  into  1  of  4  format  such  that  when 
the  true  address  is  present,  the  appropriate  chip  enable  is 
driven  to  a  'O'  state.  Therefore,  the  CC  (NOT)  lines  act  to 
select  between  M'OOOO1  and  M'03FF'  when  CEO  (NOT)  is  true, 
between  M'0400'  and  m'07FF',  when  CE1  (NOT)  is  true  and  between 
H'0800'  amd  H'OBFF',  when  CE2  (NOT)  is  true,  i.e.  between  0  and 
IK  byte,  IK  byte  and  2K  bytes  or  between  2K  bytes  and  3k  bytes. 


The  latched  outputs  A9  and  A9  (NOT)  serve  to  further  decode  the 
address.  When  the  address  is  in  the  lower  half  of  the  required  IK 
byte  range  (i.e.  between  0  and  512)  then  A9  (NOT)  is  at  logic  '1' 
and  A9  is  at  logic'O'thus  selecting  from  the  upper  bank  of  ROM 
(ICS,  IC7,  and  IC9)  since  the  E2  (NOT)  input  of  the  IM  6654 
requires  a  'O’  signal  to  be  selected.  The  latched  AS  line  from 
IC4  is  connected  to  all  ROM  A8  inputs. 


ROM's  IM6654  will  latch  internally  on  the  address  lines  at  the 
occurrence  of  a  negative  going  edge  on  El  (NOT)  only  if  the 
chips  SI  (NOT)  line  is  held  low.  Because  of  this  it  is  necessary 
to  create  a  suitable  signal  to  input  as  an  El  (NOT)control  at  a 
time  when  all  required  inputs  are  available  on  the  address  bus. 


This  is  done  by  delaying  the  TPA  pulse  for  two  system  clock 
cycles  and  utilizes  IC13  to  effect  the  delay.  The  crystal 
(XTAL)  output  from  the  microprocessor  is  used  to  act  as  a  clock 
pulse  into  the  first  stage  divider  of  IC13.  The  data  input  to 
this  divider  is  the  TPA  pulse.  Initially,  when  the  system  is 
switched  on,  both  Q  outputs  of  IC13  are  reset,  caused  by  a 
control  signal  provided  to  the  reset  inputs.  At  this  first 
occurrence  of  TPA,  a  '1'  is  clocked  through  to  the  output  of  the 
first  stage  of  IC13.  A  second  clock  pulse  occurring  at  the  clock 
input  transfers  this  '1'  level  through  to  the  second  stage  output 
which  is  connected  to  all  ROM  El  (NOT)  inputs.  The  advent  of  a 
third  clock  pulse  causes  a  negative  going  edge  at  El  (NOT)  as 
required  for  latching  of  address  lines  into  the  ROM.  This  occurs 
approximately  1.5  clock  cycles  after  the  negative  going  edge  of 
TPA  has  occurred  and  at  a  time  when  the  lower  order  address  byte 
has  been  issued  by  the  microprocessor  and  has  become  stable  on 


the  address  bus.  If  the  chip  has  been  selected  at  the  time  the 
El  (NOT)  line  input  changes  from  a  *1*  to  a  'O'  state,  then  the 
address  lines  AO  ~  AS  and  chip  enable  line  &2  (NOT)  are  latched 
into  the  RON  causing  the  selected  location  to  place  its  contents  in 
the  MRD  output  of  the  microprocessor  such  that  the  ROM  cannot  be 
enabled  on  to  the  data  bus  during  a  memory  write  cycle.  During 
this  time  the  EN  (NOT)  line  is  held  high  thus  disabling  the  CE 
(NOT)  outputs  to  a  deselected  state. 


Address  line  decoding  for  the  256  bytes  of  RAM  is  effected  by  the 
nand  gate  of  IC11  and  D  type  flip  flops  of  IC12  whose  Q  output  is 
initially  set  to  a’l*  switch  on  by  coupling  the  clear  line  to 
the  set  input  of  IC12  via  an  inverting  buffer  of  XC11.  Since  the 
address  range  of  the  RAM  is  OCOO  to  OCPP,  the  two  inputs  to  the 
and  gate  are  used  to  detect  the  presence  of  a  *1*  level  on 
address  lines  A10  and  All  (A3  and  A2  during  the  upper  byte 
address  cycle).  When  both  AlO  and  All  are  present  the  output  of 
the  nand  gate  goes  to  a  'O'  state.  TPA  signal  is  inverted  by  an 
invert  gate  of  IC11  such  that  a  positive  edge  will  occur  at  the 
clock  input  of  IC12  at  the  time  TPA  goes  low.  The  result  of 
which  is  that  the  output  of  the  nand  gate  is  latched  on  to  the  Q 
output  of  IC12  .  A  'O'  0  output  is  then  used  as  a  chip  enable  for 
the  RAM  and  CS1  (NOT)  of  ICS2  and  3  are  connected  to  IC12's  Q 
line.  When  this  lire  is  low  RAM  becomes  selected  and  data  is 
passed  to,  or  stored  from  the  data  bus  according  to  the  state  of 
the  R/w  (read/write)  line  and  selected  address  on  lines  AO  -  A7. 
The  input  lines  II  -  14  and  output  lines  01  -  04  are  linked 
together  on  to  the  data  bus  and  direction  of  data  flow  is 
controlled  by  the  microprocessor  timing  logic  via  the  MWR  (NOT) 
line. 


The  CS2  line  of  RAM's  IC3  and  IC4  is  a  second  chip  select  line 
which  must  be  maintained  at  a  '1'  level  while  the  system  is 
running.  This  line  is  used  to  ensure  that  RAH  does  not  receive 
any  incorrect  data  when  the  system  is  powered  up  or  shut  down. 
This  is  further  covered  under  Section  2. 2. 2. 4. 4. 2  as  are  the 
functions  of  D^,  Dj,  Dj2  and  the  separate  power  supply  to  RAM  via 
VDD  RAM. 

The  microprocessor  timing  is  set  by  a  crystal  (XL)  with 
appropriate  loading  Cl  and  C2  and  bias  resistor  Rl,  as  defined  by 
the  manufacturer.  Design  frequency  is  2MHZ  and  was  chosen  based 
on  the  needs  of  the  system.  The  operate  frequency  is  limited  by 
the  working  voltage  and  temperature  range.  The  working  voltage 
was  chosen  as  5V  to  suit  the  needs  of  the  ROM.  The  design 
frequency  givos  adequate  margin  when  the  system  operates  at  85°C 
that  allows  sufficient  time  to  execute  all  required  system 
functions  and  allows  memory  components  to  run  well  inside  their 
timing  restraints.  In  addition,  the  relatively  low  operate 
frequency  holds  microprocessor  power  consumption  to  a  low  level. 


Data  bus  lines  DO  to  D7  are  connected  to  ground  via  pull  down 
resistors  R2  to  R9  such  that  on  power  up  and  power  down*  data 
lines  return  to  known  states.  This  helps  ensure  that  incorrect 
data  is  not  passed  to  RAM,  which  would  corrupt  data  held  for  GSC 
read  out. 


Resistor  RIO  and  Rll  act  as  pull  up  resistors  for  the  two  flag 
lines  EF1  (NOT)  and  EF2  (NOT). 


The  a icr oprocessor  WAIT  line  is  connected  to  VDD  via  the 
motherboard  also  CK  IN  and  CK  OUT  are  connected  together  via  the 
mother  board , and  all  these  connections  are  designed  to 
facilitate  board  testing. 


All  other  remaining  microprocessor  Inputs  and  outputs,  namely  DMA 
IN  (NOT),  I  NT  (NOT)  ,  SCO,  SCI,  EFl  (NOT)  to  EF4  (NOT)  ,  TPA,  TPS, 
NO,  Nl,  N2,  CLR  (NOT)  and  0  lines  act  as  control  or  timing 
outputs  or  inputs  as  described  in  subsequent  sections. 


Capacitors  C3  to  C7  are  filter  capacitors  placed  strategically 
around  the  pcb  to  reduce  effects  of  supply  borne  transients  or 
induced  pickup. 


2. 2. 2.3  Logic  Card 

(Circuit  diagram  reference  43761-142  CD  (Master)  -  Reference  2-9 

or  43761-148  CD  (Slave)  -  Reference  2-10 


The  logic  card  can  be  sectioned  into  several  areas  having  well 
defined  functions  to  perform.  They  are  power  up,  reset 
circuitry,  input  and  output  control,  interrupt  timimg,  head  drive 
timing  and  control  input  data  buffering  and  output  data 
buffering. 


2 . 2 . 2 . 3 . 1 .  Power  up,  Reset  Circuit 


To  ensure  correct  system  operation  when  power  is  first  applied 
the  circuit  must  be  in  a  known  state.  Essentially  all  important 
microprocessor  regie.,  's  must  be  reset  to  zero,  output  ports  must 
be  cleared  such  that  transient  conditions  do  not  appear  at  the 
CWU  and  some  system  flip  flop  registers  must  be  set  to  a  known 
state . 

R1  and  Cl  form  a  time  delay  function  and  act  in  conjunction  with 
R 2 ,  R 3  and  two  buffer  sections  of  IC2.  When  power  is  first 
applied,  Cl  is  discharged.  Via  the  pot  chain  divider  of  R2  and 
R 3  the  buffer  input  (pin  5  of  XC20)  is  held  at  OV  resulting  in 
the  clear  line,  CLR  (NOT),  output  at  pin  2  of  IC20  being  held 
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low.  Note  that  since  the  resistor  R3  of  the  pot  divider  chain  is 
connected  to  the  CLR  (NOT)  line,  the  pot  divider  is  initially 
zero  volt  referenced. 


The  general  requirement  of  the  system  is  that  the  CLR  (NOT)  line 
should  be  held  low  for  a  short  period  of  time  to  ensure  correct 
reset  of  the  above  mentioned  functions.  As  R1  causes  Cl  to 
charge  up,  the  threshold  of  buffer  input  pin  5  is  reached  such 
that  its  output  now  changes  to  a  '1*  state  (5V  level).  The  clear 
line  follows  this  transition  which  is  speeded  up  by  the  fact  that 
the  divider  chain  R2  and  R3  is  now  5V  line  referred  effecting  a 
schmitt  trigger  action.  The  transition  effects  the  removal  of  the 
clear  state  from  all  attached  circuits. 

Buffer  input  pin  7  of  ZC20  is  also  connected  to  the  clear  line 
such  that  via  its  output,  pin  6  and  diode  01,  output  port  IC12  is 
initially  cleared.  The  action  of  CS 2  input  on  the  output 
port  IC12  is  discussed  in  section  2. 2. 2. 4. 


2. 2. 2. 3. 2.  Data  bus  Lines 


Data  bus  lines  connected  to  the  microprocessor  (external  to  the 
pcb)  are  connected  to  output  port  IC12,  input  porta  XC14,  1C1S 
and  IC17  and  to  outputs  of  IC6  and  IC10. 


2. 2. 2. 3. 3.  Data  bus  Control 

Data  being  input  to,  or  output  from  the  microprocessor  via  the 
data  bus  lines  is  controlled  by  decode  chip  1C13  which  itself  is 
controlled  by  timing  and  output  signals  generated  by  the 
microprocessor.  Lines  NO,  Nl  and  N2  are  input  lines  to  the 
decoder  chip  which  contain  encoded  data  as  to  the  required  port 
(input  or  output)  to  or  from  which  data  is  to  be  passed.  IC13 
decodes  the  N  lines  and,  its  outputs  are  connected  to  chip  enable 
lines  of  various  input  and  output  ports  or  act  as  clock  lines. 
CKA  and  C’KB  inputs  of  ZC13  are  connected  to  TP  A  and  TPB  outputs 
of  the  microprocessor  controlling  the  duration  that  XC13  outputs 
remain  active. 


2. 2. 2. 3. 4.  Interrupt  Timing 

The  system  requires  for  correct  operation  an  interrupt  signal 
which  occurs  once  every  832us.  This  signal  is  sent  to  the 
microprocessor's  INT  (NOT)  (interrupt)  input  causing  an  interrupt 
software  program  to  be  executed. 


To  generate  the  timing  signal  the  microprocessor's  own  timing 
pulse,  TPB,  is  used.  This  pulse  occurs  every  4us  with  a  crystal 
frequency  of  2MHZ. 
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The  circuit  involved  is  XC1  and  IC2 


The  timing  pulse  TPB  is  connected  to  the  clock  input  of  1C1  (pin 
1).  With  the  EN  line  connected  to  VDD  the  counter  chip  causes  TBP 
pulse  to  be  divided  by  16  at  its  output  (pin  6).  Thus,  at  this 
point  a  square  wave  of  64us  period  is  observed.  This  waveform 
is  applied  to  the  enable  (EN)  input  of  the  second  counter  stage 
of  IC1.  With  the  clock  input  (CK)  connected  to  VSS  the  chip  acts 
to  increment  the  counter  on  the  negative  transition  of  the 
incoming  signal. 

The  following  operation  is  then  discussed  in  conjunction  with 
Figure  2-7. 


03  output  of  IC1,  by  the  divider  action  of  XCl  is  caused  to 
change  state  on  negative  transitions  of  the  previous  binary 
divide  stage,  resulting  in  the  pulse  train  shown.  When  Q4  output 
is  low  the  positive  transition  of  03  has  no  effect  on  the  output 
0  (pin  1)  of  IC2,  since  at  the  transition  the  data  input  to  IC2 
at  pin  S  (04  of  IC1)  is  2ero.  When  Q4  output  is  high,  the 
positive  transition  of  03  will  cause  a  change  of  state  at  IC2  pin 
1  to  a  *1'.  The  data  input  at  pin  9  of  IC2  is  now  at  *1'  level, 
consequently,  at  the  next  positive  transition  of  this  D  type  flip 
flop's  clock  input  a  '1'  will  be  transferred  to  its  Q  output 
(pin  13.)  As  can  be  seen  from  the  timing  diagram,  this  occurs 
32us  later. 


Pin  13  of  IC2  acts  as  a  reset  input  to  the  second  stage  of  the 
divider  chain  of  IC1,  and  one  D  type  section  of  IC2.  Because  the 
D  input  at  pin  9  of  IC2  is  now  returned  to  'O'  by  this  reset 
action,  then  on  the  next  positive  transition  of  Q4  (pin  6)  of 
IC1,  the  reset  pulse  is  removed. 

This  cycle  is  repeated  as  shown  by  the  timing  diagram  such  that 
the  Q  output  (pin  1)  of  XC2  is  low  for  800  uf  and  high  for  32us. 
Q  (pin  2)  of  XC2  is  the  compliment  of  this  and  consequently 
applies  a  negative  going  edge  to  the  XNT  (NOT)  input  of  the 
microprocessor  once  every  832us.  As  can  be  seen  this  interrupt 
pulse  is  self  resetting  after  being  sustained  for  32us.  The 
timing  of  the  microprocessor  hardware  and  software  is  such  that 
this  interrupt  pulsa  is  always  recognized  before  it  has  time  to 
return  to  the  standby  state. 


At  power  up  the  output  states  of  XCS  1  and  2  are  random  which  can 
cause  an  initial  incorrect  timing  of  the  interrupt  pulse. 
However,  since  the  software  program  does  not  enable  Interrupt 
pulses  to  be  recognized  for  some  milliseconds  after  power  up,  the 
required  synchronization  has  time  to  occur. 


INTERRUPT  &  HEAD  DATA  TIMING  DIAGRAM 


2. 2. 2. 3. 5.  Hoad  Drive  Control  Circuit 


The  eight  head  drive  circuits  described  under  Section  2. 2. 2. 3.1. 
each  require  individual  control  such  that  at  the  occurence  of  a 
strike,  the  head  is  starved  of  voltage  for  a  2ns  period.  ICS  3  - 
10  and  ICS  18  and  19  are  responsible  for  head  drive  control  and 
buffering  on  to  the  data  bus  for  access  by  the  microprocessor. 


Circuit  description  considers  one  control  section  associated 
with  head  1. Active  components  are  R5,  R32,  IC18  nand  gate  (with 
output  pin  3),  R43,  IC3  NOR  set/reset  flip  flop  (with  Q  output 
pin  2),  IC4  binary  counter  and  IC6  transmission  gate  output  pin  1 
of  which  is  connected  to  the  data  bus  line  DO. 


Under  standby  conditions  the  set/reset  flip  flop  has  its  Q 
output  (pin  2  IC3)  at  a  ‘1*  state  since  the  last  input  would 
have  been  a  sot  input. 


Consequently,  the  reset  input  of  the  binary  counter  would  be 
disabled  and  the  clock  pulse  input  at  pin  1  (derived  from  the 
timing  block)  would  have  no  effect.  The  output  (pin  3)  of  the 
and  gate  is  dependant  on  the  input  at  pin  1.  This,  the  time  share 
signal  is  high  Cl')  for  167mS  and  low  ('O')  for  167mS 
repetitively.  Therefore,  R32  acting  as  the  base  current  drive  to 
TR7  of  the  head  drive  circuit  controls  whether  the  head  is  on 
line  or  off  line. 


When  head  1  strikes,  a  pulse  is  developed  across  R5  due  to  the 
differentiating  action  of  the  combination  of  C9  (on  the  head 
drive  card)  and  RS.  This  pulse  acts  as  a  reset  pulse  to  the 
set/reset  flip  flop,  causing  its  Q  output  to  change  to  a  'O' 
state.  At  this  time  the  time  share  input  to  the  und  gate  (pin  1) 
is  high  (  which  it  had  to  be  to  allow  a  strike  to  occur  initially). 
The  resulting  'O'  state  now  existing  on  pin  2  of  the  nand  gate 
causes  its  output  to  go  to  a  '1'  state,  the  result  of  which  is 
that  the  striking  head  is  starved  of  voltage. 


The  duration  that  the  head  is  starved  of  voltage  is  a  function  of 
the  operation  of  the  binary  counter  IC4.  The  counter  is  clocked 
by  pin  12  (Q2)  of  IC1,  a  pulse  which  occurs  once  every  256ms  as 
shown  on  the  timing  diagram  Figure  2.7. 


Again,  with  reference  to  th#  timing  diagram,  when  a  strike  has 
occurred  the  reset  input  R  (pin  7,  IC4)  is  released  allowing  the 
CK  input  to  cause  the  counter  to  count. 


when  e'ght  CK  pulses  (low  to  high  transitions)  have  elapsed  ,Q4 
output  of  the  binary  divider  goes  high.  Since  this  output  is 
connected  as  the  set  input  of  the  sot/reset  flip  flop  the  effect 
is  to  cause  the  binary  divider  to  be  reset  and  to  restore  the 
head  back  to  an  on  line  status.  Since  one  clock  pulse  is 
normally  256us,  then  it  follows  that  the  head  has  been  off  line 
for  2048us  or  just  over  2mS. 


The  timing  diagram  shows  that  this  software  is  subject  to  some 
variation  due  to  the  uncertainty  of  when  the  head  will  strike 
with  respect  to  the  fixed  timing  intervals  of  the  clocking  pulse. 


The  timing  diagram  shows  the  5  cases  which  can  occur  inculcating 
the  range  of  strike  time  between  clock  pulse  events,  the  result 
of  which  is  that  head  'off  time*  can  vary  between  1.92ras  and 
2 . 24mS . 


The  Q3  output  of  the  binary  counter  is  used  to  act  as  an 
indication  to  the  microprocesor  that  a  head  has  fired.  This  Q3 
output  is  fed  to  a  transmission  gate  which  controls  Q3  access  to 
the  data  bus,  the  control  line  of  which  is  conected  to  output  7 
(07)  of  1C13.  Head  status  is  available  to  the  microprocessor  by 
executing  a  command  on  INPUT  PORT  7. 


To  ensure  correct  interpretation  of  the  incoming  data,  the  timing 
of  the  circuit  and  manipulation  of  the  data  is  critical. 

Again,  with  reference  to  the  timing  diagram  it  can  be  seen  that 
the  Q3  output  (which  indicates  a  head  strike  to  the  data  bua)  can 
occur  in  such  a  way  as  to  either  be  true  at  one  or  two  successive 
interrupts.  The  interrupt  marker  causes  the  interrupt  program 
to  input  the  head  status  data  to  the  microprocessor,  thus  it 
could  be  that  the  system  interprets  one  strike  as  two  events  if 
the  event  happens  to  "straddle"  two  interrupt  markers. 


As  shown  by  case  1,  when  the  head  returns  to  an  on  line  status  Q3 
output  cannot  return  to  a  state  showing  a  second  strike  event 
until  just  before  the  fifth  interrupt  event.  For  this  case  and 
all  other  cases  it  is  proven  that  two  separate  head  strikes  on 
one  head  cannot  be  observed  by  two  consecutive  interrupt  markers. 
As  a  result  the  software  program  is  written  so  as  to  disregard 
as  false,  a  second  pulse  if  two  consecutive  strikes  occur. 


2.2. 2. 3. 6.  DMA  and  Control  Data  Parameters 

Direct  Memory  Access  (DMA)  is  utilized  in  the  design  to  pass 
relevant  data  from  one  processor  to  the  other.  This  data 
includes  a  byte  of  information  containing  parity  bits  end  various 
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status  bits,  to  be  discussed  under  the  heading.  Software.  In 
addition  each  processor  transmits  to  the  second  processor  a  byte 
containing  the  status  of  each  head  such  that  the  receiver  can 
make  appropriate  logic  decisions. 


DMA  transfer  is  used  such  that  the  important  task  of  observing 
fire  conditions  (termed  the  "gathering  phase")  is  not 
interrupted.  DMA  causes  the  transfer  of  the  above  data  directly 
to  the  receiving  processors  memory  and  is  virtually  unseen  by  the 
normal  interrupt  program.  To  guarantee  that  the  data  is 
received  correctly  the  hardware  associated  with  the  DMA  function 
is  duplicated  in  such  a  way  that  if  one  of  the  receivers  is 
faulty  it  can  be  identified. 


The  circuitry  associated  with  the  DMA  activity  is  essentially 
IC15,  16,  17,  22  and  23  and  associated  components. 


The  transfer  of  data  is  effected  by  the  sending  microprocessor, 
the  result  of  which  is  that  the  required  level  to  be  transmitted 
appears  at  the  receiving  logic  card  via  the  DMA  DATA  IN  line 
(pin  S3  on  the  edge  connector).  A  clock  pulse  is  required  to 
initiate  the  receiving  processors  DMA  mechanism.  The  clock  pulse 
is  generated  by  the  sending  processor  and  appears  at  pin  17  of 
the  receiver  logic  card  designated  DMA  DATA  CK  IN. 


The  DMA  DATA  IN  logic  level  is  buffered  and  separated  by  two 
buffers  of  IC21.  The  outputs  of  both  buffers  are  connected,  one 
to  each  of  the  two  input  ports  IC15  and  1C17  associated  with  DMA 
transfer  both  being  connected  to  the  0  input. 


The  remaining 


inputs  to  the  two  DMA  input  ports  are: 


bit  1  (II) 
bit  2  (12) 
bit  3  (13) 
bit  4,5,6, 
bit  7  (17) 


■  master/slave  initialization  bit. 

■  port  identity  bit. 

■  third  level  adjacency  bit. 

(14,15,16)  •  second  level  adjacency  bit. 

■  first  level  adjacency  bit. 


Master  slave  Initialization  bit  is  required  to  ensure  that  at 
switch  on  the  software  takes  a  path  such  that  the  time  share  for 
side  1  and  side  2  of  the  system  functions  in  antiphase  to  each 
other.  The  only  difference  between  logic  cards  43761-142 
(Master)  and  43761-148  (Slave)  is  in  the  setting  of  the 
master/slave  bit,  master  is  recognized  as  being  connected  to  a 
'  1*  level  and  slave  as  being  connected  to  a  'O'  level. 


The  port  identity  bit  12  is  connected  to  VOD  on  IC15  input  and 
to  VSS  on  IC17  input.  This  is  to  ensble  the  processor  to  recognize 
that  it  is  correctly  receiving  data  frost  both  input  ports. 


The  function  of  bits  13,  to  X7  are  considered  in  detail  in 
Appendix  A-l . 


Each  bit  of  transmitted  data  is  transmitted  twice  and  the 
receiving  input  ports  ace  arranged  by  hardwace  means  such  that 
the  data  is  passed  alternately  via  ZC15  and  IC17. 


Since  two  bytes  of  information  are  to  be  transferred  twice,  it 
follows  that  32  separate  DMA  transfers  occur  requiring  32  memory 
locations  in  the  receiver  memory  map. 


When  a  DMA  data  transfer  is  intiated  by  the  sending  processor  the 
required  logic  level  is  placed  on  the  DMA  DATA  IN  line.  When  it 
subsequently  initiates  a  clock  pulse  at  the  DMA  DATA  CK  IN  the 
following  events  occur. 


R40  connected  to  the  DMA  DATA  CK  IN  line  acts  as  a  load  resistor 
to  the  transmitting  circuit  which  in  the  non  sending  mode  is  in  a 
tri-state  high  impedance  mode.  The  incoming  high  level  pulse  is 
differentiated  by  C2  and  R29  and  then,  via  isolating  diode  D5  and 
associated  bias  resistor  R31,  is  connected  to  the  C  (clock)  input 
of  IC16. 


The  used  half  of  IC16,  a  D  type  flip  flop,  functions  with  its  D 
input  connected  to  its  Q  output,  i.e.  such  that  it  operates  in  a 
divide  by  two  mode. 


Assuming  that  Q  of  IC16  is  initially  *1*,  then  at  the  event  of  a 
positive  transition  on  its  C  input,  the  Q  output  changes  to  a  '1' 
state,  thus  IC15's  CS2  input  (chip  select)  becomes  enabled.  At 
the  same  time  lC15'a  CK  input  has  changed  from  a  *1*  to  a  'O' 
level.  The  transition  causes  the  data  on  lines  10  to  17  to  be 
latched  into  the  port  and  a  low  level  on  the  service  request 
output  SR  (NOT)  to  occur. 

SCO  and  SCI  are  outputs  from  the  processor  which  indicate  whether 
the  processor  is  performing  a  fetch,  execute,  interrupt  or  DMA 
activity,  when  carrying  out  a  DMA  activity 
SCO  ■  0  and  SCI  •  1. 


At  the  moment  SR  (NOT)  goes  low,  the  state  of  the  system  is  not  a 
DMA  cycle,  as  a  result  the  NOR  gats  connected  to  SCO  and  SCI 
( I C 2 2  and  1C23)  cause  a  '1*  state  at  pin  2  of  IC23.  Thus,  the 
output  (pin  3,  IC23)  of  the  NOR  gate  changes  to  a  high  level 
Cl*).  A  *1'  level  now  exists  at  pin  J  of  2C23,  and  since  the  SR 
(NOT)  of  IC17  has  not  been  set  to  'O'  then  pin  6  of  IC23  is  a 
'O'.  As  a  result  of  the  transition  of  SR  (NOT)  from  a  *1'  to  a 
'O'  level  pin  4  of  ZC23  changes  to  a  'O'.  This  signal  is 
transferred  to  the  microprocessor  on  its  DMA  IN  (NOT)  input  which 
it  recognizes  as  a  request  to  DMA  information  into  its  memory. 
The  internal  logic  of  the  microprocessor  waits  until  the  next 
system  execute  cycle  has  been  completed  and  then  suspends  normal 
processor  operation  for  one  system  cycle  such  that  DMA  may  be 
executed.  On  doing  so,  the  state  code  SCO  *  0  and  SCI  •  1  is 
applied  to  the  NOR  logic  gates  of  XC22  and  IC23  resulting  in  pin 
11  of  IC23  changing  from  a  'O'  state  to  a  '1'  state.  With  the 
condition  CS1  and  CS2  at  *1*  status  the  input  data  is  enabled 
onto  the  data  bus  and  subsequently  due  to  logic  action  within  the 
processor  is  stored  at  a  defined  memory  location. 

At  the  completion  of  the  cycle  the  SCO  and  SCI  state  revert  to 
the  code  defining  the  next  'fetch'  phase  of  operation,  resulting 
in  IC23  pin  11  output  changing  to  a  'O'  state.  The  internal 
logic  of  the  input  port  uses  this  transition  to  reset  the  SR 
(NOT)  output  to  a  '1'  standby  state.  However,  due  to  the  finite 
delay  between  CSl  going  negative  and  the  reset  of  the  SR  output  a 
condition  exists  at  inputs  1  and  2  of  IC23  whereby  a  second 
transient  '  1'  pulse  can  occur.  This  race  condition  would 
activate  incorrectly  another  DMA  request  at  the  microprocessor. 
To  eliminate  this  timing  problem,  small  capacitors  are  connected 
between  1C23  nin  3  and  ground  and  similarly  between  IC23  pin  3 
and  ground,  namely  CIO  and  Cil.  This  short  time  delay  effected 
by  the  gate  output  impedance  in  conjunction  with  the  capacitor  is 
sufficiently  long  to  eliminate  the  effects  of  the  reset  delay 
propagation  time  of  the  input  ports  service  request  flip  flop. 


A  second  DMA  DATA  CK  IN  pulse  would  then  have  the  effect  of 
causing  data  to  be  input  via  IC17  due  to  the  toggling  action  of 
IC16. 


Because  the  program  softwae  needs  to  know  the  status  of  the 
master/slave  bit  of  the  input  data  before  a  DMA  activity  takes 
place,  the  hardware  is  arranged  such  that  this  data  may  be  input 
by  alternative  means. 


A  second  path  to  initiate  the  DMA  process  is  included  using  an 
initializing  clocking  pulse  derived  from  pin  6  of  decoder  chip 
IC13.  This  output  is  differentiated  by  C3  and  R30,  then  via 
isolating  diode  D4  is  applied  to  the  C  input  of  IC16  in  similar 
manner  to  the  DMA  DATA  CK  IN  input.  By  executing  an  output 
instruction  to  port  1  (which  does  not  physically  exist)  a  2.75us 
active  clock  pulse  is  produced  initiating  DMA  activity. 
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2. 2. 2. 3. 7,  Input  Data  Buffer 

Input  data  is  received  by  tha  data  bus  from  three  sourcasi 


1) 

Via  IC6  and  7  which  la  head 
described. 

status 

data,  as 

previously 

2) 

By  ports  IC15  and  IC16 
previously  described. 

acting 

in  DMA 

mode,  as 

3) 

By  IC14. 

IC14  is  a  hex  invec  tec/buffar  with  tri  state  output  and  is  used 
to  pass  six  control  signals  to  the  microprocessor.  Whan  its  OD 
input  is  high  ('1')  its  outputs  are  in  high  impedance  mode,  when 
the  OD  output  is  low  input  data  is  inverted  and  accesses  the  data 
bus.  When  an  input  instruction  on  input  port  3  is  executed  by 
the  microprocessor  program,  pin  7  of  1C13  goes  high  for  2.75us 
and  via  the  inverting  buffer  of  IC22  enables  the  data  output  onto 
the  data  bus. 

The  six  input  control  signals  are  as  follows: 

a)  D5  input  gives  the  microprocessor  the  status  of  the  fire 
test  switch.  D5  receives  this  signal  via  the  circuit 
involving  R28,  R25  and  D2.  When  the  fire  test  button  is  in 
a  standby  state  a  ov  level^exists  at  the  fire  test  input  to 
the  logic  card  (edge  connector  pin  1).  D2  is  then  forward 
biased  taking  current  through  R25  and  off  card  resulting  in 
D5  input  to  IC14  being  at  approximately  0.6  volts.  When  a 
fire  test  is  requested  the  FIRE  TEST  input  to  the  card  will 
be  at  7  volts.  D2  now  acts  to  block  the  7V  signal  and  the 
pull  up  resistor  R25  serves  to  pull  the  D5  input  to  a  '1* 
level . 

b)  D2  input  gives  the  microprocessor  access  to  the  status  of 
the  fault  test  switch.  The  fault  fest  input  at  pin  2  of  the 
logic  card  edge  connector  is  Ov  in  standby  mode  and  at  7v 
when  the  fault  test  button  is  depressed.  Associated 
components  R27,  D3  and  R22  act  in  similar  manner  to  that 
described  for  fire  test  input. 

c)  Inputs  Dl,  D  3 ,  D4 ,  and  D6  of  IC14  are  associated  with  GSC 
(ground  support  equipment)  operation.  All  four  inputs  are 
tied  by  pull  up  resistors  to  the  system  VDD  rail  by  R2l, 
R 3  3 ,  R 24  and  R26  respectively.  In  normal  operating 
conditions,  i.e.  when  GSE  is  not  connected,  the  four  GSE 
inputs  to  the  logic  card  are  open  circuit,  therefore,  Dl, 
D3,  D4  and  D6  present  logic  level  'l*s  to  the  IC14. 
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The  four  GSB  input*  allow  the  CCU  operation  to  be  controlled 
by  the  ground  support  equipment.  Combinations  of  logic 
levels  applied  to  these  inputs  select  different  programs 
for  running.  These  programs  are  initialized  by  resetting 
the  system  causing  the  software  program  to  interrogate  the 
four  GSC  inputs  and  subsequently  to  run  the  required 
program. 

System  reset  is  effected  by  discharging  Cl  through  D6  from 
the  GSE  RESET  input  at  pin  41  of  the  logic  card  edge 
connector . 

The  above  inputs  are  connected  to  the  data  bus  via 
IC14  Q  outputs  as  follows: 


Input  Connected  to  Data  Bus 

GSE  1  bit  0 
FAULT  SWITCH  bit  1 
GSE  3  bit  2 
GSE  2  bit  3 
FIRE  SWITCH  bit  4 
GSE  4  bit  S 


2. 2. 2. 3.8.  Output  Data  Buffet 

Output  data  buffering  (and  latching)  is  effected  by  IC11,  12,  20 
and  21.  IC12's  inputs  are  connected  to  the  data  bus.  Data  being 
latched  into  the  port  is  controlled  by  CSl,  CS2  and  CK  inputs. 
The  mode  input  of  IC12  is  connected  to  VDD  to  characterize  the 
devic<  as  an  output  port.  With  CSl  permanently  connected  to  VSS 
the  chip  select  has  only  to  be  satisfied  by  CS2  -  1  for  data  bus 
information  to  be  latched  into  the  ports  outputs  at  the  next 
occurence  of  a  CK  pulse.  The  microprocessor  selects  this  output 
by  an  output  instruction  to  port  4  which  causes  decider  chip  IC13 
to  issue  a  2.75us  pulse  at  pin  12.  This  output  is  connected  to 
IC12's  CS2  input.  The  microprocessor  then  issues  the  required 
data  to  the  data  bus  and  timing  pulse  TPB  which  is  connected  as 
the  CK  input  to  IC12,  effects  the  data  latch. 

The  eight  outputs  from  output  port  4  (IC12)  all  have  pull  up  load 
resistors  connected  (R13  to  R20).  Port  bit  operation  is  as 
follows : 

07  output  (pin  12).  This  output  is  the  time  shace  output, a 
square  wave  pulse  train  generated  by  the  system  program.  The 
time  share  waveform  has  a  period  of  334mS,  167mS  high  and  167mS 
low. 

The  time  share  waveform  is  fed  via  a  buffer  stage  of  IC21  and  R4 
to  the  head  drive  card  which  is  then  utilized  to  control  high 
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voltage  at  the  heads.  The  time  share  output  is  also  fed  via 
ICll's  'D*  input  and  H  output,  this  chip  acts  as  a  buffer  to  its 
input  signals.  With  END  input  tied  permanently  to  VDD  input  data 
is  buffered  directly  to  its  output  at  H.  This  line  is  connected 
to  a  flag  input  on  the  opposite  side  microprocessor  card 
(EF2)  (NOT)  and  is  used  for  monitoring. 

06  output  {pin  19)  and  04  {pin  15).  These  outputs  ,  GSE2  and  GSE 
1,  are  each  buffered  by  a  buffer  of  IC21  and  are  connected  to  the 
CCU  GSE  plug.  Both  outputs  transmit  signals  to  the  ground 
support  equipment  as  confirmation  of  execution  or  at  completion 
of  execution  of  required  program  as  dictated  by  the  GSE  I/P 
control  lines. 

when  the  system  runs  a  fire  detection  program  ,  software  caused 
the  GSE  1  line  to  follow  the  time  share  signal  and  the  GSE  2  line 
to  be  at  a  '1'  state  onlu  during  when  a  head  teat  is  being 
performed.  This  operation  is  further  described  under  the  heading 
"Software" . 

05  output  (pin  7).  This  output  is  buffered  by  a  buffer  of  IC21 
the  output  of  which  controls  power  to  the  emitter  via  the  head 
drive  card  as  described  in  Section  2. 2. 2.1. 

03  output  (pin  15)  is  an  output  called  INHIBIT  OUT.  This  signal 
is  used  as  an  inhibit  signal  on  the  common  logic  card;  under 
standby  conditions  this  output  is  at  Ov.  03  is  connected  to  the 
ENC  input  of  IC11  which  with  a  Ov  on  its  input  causes  output  6  to 
be  high  impedance.  When  03  changes  to  a  '1'  output,  data  at 
ICll's  C  input  is  transferred  to  tut-  G  output.  Because  C  is 
connected  to  VSS,  a  change  at  G  from  .vgh  impedance  to  a  'O'  state 
will  occur.  This  output  is  also  cre-.s  connected  to  the  second 
microprocessor  via  the  processor  ca  ds  EF1  (NOT)  input  and  is 
used  by  the  software  program.  Further  operation  of  the  inhibit 
function  is  described  in  Section  2. 2. 2. 4.  and  in  the  sec.ion 
headed  "Software". 


02  output  (pin  7).  This  output  is  the  FIRE  output  which  in 
standby  conditions  is  at  Ov,  and  at  Fire  conditions  changes  to  a 
'1'  state.  The  output  is  fed  to  the  common  logic  card  described 
in  Section  2. 2. 2. 4. 

01  output  (pin  o).  This  output  is  the  FAULT  output  which  in 
standby  conditi  ns  is  at  Ov.  when  a  fault  is  issued  the  output 
changes  to  a  '1'  state.  This  output  is  fed  to  the  common  logic 
card  as  described  in  Section  2. 2.2.4. 

00  output  (pin  A).  This  output  is  termed  DMA  DATA  OUT.  Onto  this 
output  is  loaded  data  to  be  transferred  to  the  second 
microprocessor.  ICll  acts  as  a  buffer.  With  EN8  connected  to 
VDD,  data  at  F  follows  data  at  B.  The  DMA  DATA  OUT  line  is  then 
connected  to  DMA  DATA  CLOCK  IN  on  the  second  microprocessor. 


DMA  DATA  CK  OUT  at  pin  19  of  the  logic  card  edge  connector  is 
derived  via  a  buffering  section  of  1C11  from  a  decoded  output  of 
IC13,  which  acts  as  the  clock  output  for  DMA  data.  DMA  DATA  CK 
OUT  is  connected  to  the  second  microprocessor  as  DMA  DATA  CK  IN 
(see  CCU  circuit  diagram  53813-203CD) .  (Reference  2-5.) 

IC11  buffering  also  acts  as  a  device  to  eliminate  effects  of 
differences  in  supply  voltage  of  each  microprocessor.  IC11 
allows  level  shifting  to  occur  by  connecting  its  VDD  terminal  to 
the  positive  supply  of  the  processor  recieving  data  and  the  VCC 
terminal  to  the  positive  supply  of  the  processor  sending  data. 
Note  all  four  outputs  of  IC11  are  cross  connected  to  the  second 
microprocessor  circuit. 

The  Q  line  output  from  the  microprocessor  is  connected  to  a 
buffer  on  the  logic  card,  this  path  is  via  edge  connector  pin  32 
and  buffer  input  pin  9  of  IC20.  The  buffered  output  is  connected 
to  edge  connector  pin  33  and  is  termed  GSE  DATA.  This  line  is 
connected  to  the  GSE  plug  on  the  CCU  and  is  used  to  transfer 
serial  data  from  the  processor  memory  to  the  ground  support 
equipment . 


2. 2. 2. 3. 9.  Filtering 


Capacitors  C4  to  C9  are  connected  in  strategic  positions  across 
the  power  supply  lines  to  filter  out  unwanted  spurious  supply 
borne  signals  and  noise  elements. 


2. 2.2.4.  Common  Logic  Card  (System  A] 


(Circuit  diagram  reference  43761-144CD)  -  "  r  2-lx 


The  common  logic  card  for  a  system  A  (dual  microprocessor  system) 
consists  of  three  independent  circuits. 

a)  Logic  associated  with  fire  and  fault 
.ndication. 

'-j  Driver  circuits  to  energize  output  relays. 

c)  Circuitry  which  performs  buffering  and  level 
shifting  as  inputs  from  the  CWU. 

d)  C'ccuitry  which  detects  impending  switch  off 
of  power  to  the  system. 

e)  Filtering  circuitry. 

a. 2. 2. 4.1.  Fire  and  Faulw  .  . ic 

re  and  fault  logic  is  .e-aisad  by  IC1,  2  and  4  and  associated 
mponents. 

Power  for  I C  \  ,  j  an-l  4  is  obtained  by  “ORING"  both 
microprocessors  .  .apply  rails.  Note  that  the  circuit  diagram 
refers  to  'A*  5.6v  and  3'  S.6v  refering  to  Side  A  and  Side  B  of 
an  'A'  type  system. 


-  9 


D 1  and  02  perform  the  power  supply  "ORING"  function  which  is 
necessary  such  that  if  one  procesor  side  power  supply  fails  for 
any  reason,  the  common  logic  card  will  still  be  capable  of  logic 
decisions  based  on  the  remaining  good  5.6v  rail. 

As  described  in  section  2. 2. 2.3.8,  fire  an<?  fault  inputs  (for 
both  sides  A  and  B)  are  in  the  'O'  state  in  standby  conditions. 
The  inhibit  inputs  for  both  aides  are  in  a  high  impedance  mode. 

Consider  the  inputs  to  1C1,  with  (A)  FIRE  OUT  at  'O'  pin  8  of  id 
via  the  inverter  will  be  at  '1'.  The  second  input  to  this  NAND 
gate  at  pin  9  will  be  *1'  because  (A)  INHIBIT  IN  is  high 
impednnce  and  Rll  acts  as  a  pull  up  resistor.  Consequently,  NAND 
output  pin  10  will  normally  be  at  'O'. 

Similarly,  considering  (B)  FIRE  OUT  and  (B)  INHIBIT  IN  input  to 
IC2,  pin  10  of  IC2  will  normally  be  in  the  'O'  state. 

NAND  gate  output,  pin  4  of  IC4  will  therefore  normally  be  at  a 
'1*.  This  NAND  gate  of  IC4  acts  to  effectively  AND  together  fire 
conditions  from  both  sides  of  the  system. 

When  a  fire  is  indicated  by  A  FIRE  OUT  and  B  FIRE  OUT  both  input 
pins  5  and  6  of  IC4  will  change  to  a  '1*  state  causing  the  ouput 
pin  4  to  change  to  a  'O'  state.  If,  however,  only  one  FIRE  OUT 
changes  to  a  *1'  state  the  AND  logic  is  not  satisfied  and  pin  4 
of  IC4  stays  at  a  standby  '1'  state. 

Fault  logic  is  similar  to  that  of  FIRE  logic,  (A)  FAULT  OUT  and 
(B)  FAULT  OUT  under  standby  conditions  cause  'O'  level  inputs  at 
pins  1  and  2  of  IC4,  therefore  with  no  fault  condition  present, 
pin  3  of  IC4  is  at  a  '1'  level.  For  a  'O'  output  on  pin  2  of  IC4 
both  microprocessor  FAULT  OUT  lines  must  signal  a  '1'  (fault) 
level . 

If  one  side  of  the  system  is  shut  off  by  the  second  side  the  AND 
fire  and  fault  logic  must  effectivley  change  to  OR.  In  the  event 
of  a  side  shut  down  by  the  second  side,  that  second  side  will 
issue  a  '1'  level  at  the  inhibit  output  of  port  4  on  the  logic 
card,  which  causes  a  change  from  high  impedance  to  a  'O'  state  on 
(A)  or  (B)  INHIBIT  IN  line  of  the  common  logic  card. 

Take  the  example  where  side  A  processor  has  caused  side  B  to  shut 
down  and  caused  (B)  INHIBIT  IN  to  change  to  a  'O'  state  (Note 
that  (B)  INHIBI1  IN  is  an  input  from  side  A  logic  card  port  4  as 
can  be  seen  from  CCU  circuit  diagram).  With  (B)  INHIBIT  IN  now 
changti  to  a  'O'  state  pin  10  and  pin  11  of  IC2  will  be  to  a  *1' 
state . 

The  occurence  of  a  FIRE  condition  Cl')  at  (A)  FIRE  OUT  now 
causes  pin  4  of  IC4  to  change  to  a  'O'  state.  Similarly,  the 
occurence  of  a  FAULT  condition  (1)  at  (A)  FAULT  OUT  now  causes 
pin  3  of  IC 4  to  change  to  a  'O'  state,  effectively  changing  the 
gates  function  from  AND  to  OR. 
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An  identical  logical  operation  ia  performed  if  aide  B  causes  aide 
A  co  ahut  down,  in  that  only  B  FIRE  or  FAULT  llnea  need  to  change 
state  to  effect  a  tranaition  at  the  output  HAND  gates  of  ZC4. 


2. 2. 2. 4. 2.  Logic  Drive  and  Output  Circuit 

From  section  2. 2. 2. 4.1.,  in  the  event  of  a  fire  condition  IC4  pin 
4  changes  from  a  '1*  state  to  a  'O'  state,  and  in  the  event  cf  a 
fault  IC'4  pin  3  changes  from  a  *1'  to  a  'O'  state. 

2. 2. 2. 4. 2.1.  Fault  Condition 

With  no  fault  condition  TR2  receives  base  current  drive  through 
Rl9  which  in  turn  enables  base  current  drive  through  TR3  via  R27 
and  the  conducting  TR2.  TR4  will  also  be  switched  on  since  its 
base  current  will  flow  through  R29  and  the  conducting  TR3.  with 
TR4  switched  on  RLA  will  be  energized  via  the  28v  supply  rail 
which  feeds  the  logic  driver  stage. 

With  relay  RLA  normally  energized  at  standby  relay  contacts  RLA 
1  and  RLA  2  are  open.  Isolating  diodes  D14  and  D1S  are  commoned 
together  by  their  cathodes  to  comprise  the  fault  drive  output  to 
the  CWU.  The  isolating  diodes  are  included  such  that  relay 
contacts  may  be  checked  individually  by  GSE  via  the  check  points 
lines  at  edge  connector  pins  36  and  34, 

When  a  fault  condition  occurs  TR2  will  turn  off,  TR3  turn  on  and 
TR4  turn  off  causing  RLA  to  de-energize  issuing  a  fault  condition 
to  the  CWU. 


2. 2. 2. 4. 2. 2.  Fire  Condition 


with  no  fire  condition,  TR1  receives  base  drive  via  R20  turning 
TR1  on.  with  TR1  collector  developing  only  its  saturation 
voltage  base  current  supplied  by  R25  to  TR5  Is  diverted  through 
TR1  thus  TRS  is  switched  off.  Under  standby  conditions,  i.e. 
with  the  fault  state  at.  standby  TR6  wll  be  switched  on  as  TR3  is 
normally  on. 

When  a  fire  input  occurs  TRl  will  switch  off  causing  R25  to  feed 
base  current  to  TR5.  With  TR5  and  TR6  on  RLB  will  energize  via 
TR7  emitter  base  junction  causing  TR7  to  switch  on  passing  its 
collector  load  current  through  R34  to  ground. 

TR7  acts  as  a  sensing  circuit  used  to  pass  a  confirmation  signal 
back  to  the  microprocessor  Indicating  that  the  fire  condition  has 
successfully  been  initlstsd.  With  TR7  off,  i.e.  no  firs 
condition,  current  flows  from  the  A  side  VDD  rail  vis  R7,  D3  and 
R34  and  from  the  B  side  VDD  rail  via  R6,D4  and  R34  to  ground. 
With  R7  and  R8  each  100k  and  R34  at  2.7K  the  anodes  of  D3  and 
D4  will  be  approximately  one  diode  drop  above  the  Ov  rail.  This 
FIRE  TEST  VERIFY  and  is  connected  to  EF4  (NOT)  input  on  the 
microprocessor  card.  For  the  second  side  the  signal  at  D4  anode 
is  taken  via  R2  to  its  EF4  (NOT)  input  on  the  micr opr oceseor 
card . 


When  a  fire  signal  is  issued  by  the  system  TR7  tur  >s  on, 
connecting  TR7  collector  to  the  28v  rail.  This  reverse  biases  D3 
and  D4  causing  R7/R1  and  R8/R2  combinations  to  act  as  a  pull  up 
resistor  on  the  microprocessor  flag  inputs.  Therefore,  when  a 
fire  condition  occurs  microprocessor  BP4  (NOT)  inputs  change  from 
a  'O'  to  a  *1'  state. 

2. 2. 2. 4. 2. 3.  Pault  Override 


with  the  series  connections  of  TRS  and  TR6,  if  a  fire  condition 
is  being  indicated  a  subsequent  fault  condition  causing  TR6  to 
switch  off  will  make  the  fire  condition  at  the  CWU  clear  and 
indicate  a  fault  condition,  i.e.  a  fault  condition  overrides  a 
fire  condition. 

2. 2. 2. 4. 3.  Inputs  from  CWU 

The  CWU  (as  described  in  section  2.3)  effects  closure  of 
a  switch  to  the  28v  rail  if  the  fire  test  button  is  depressed 
and  closure  of  a  second  switch  to  the  28v  rail  if  the  fault  test 
button  is  depressed. 

The  fire  and  fault  test  inputs  are  routed  to  the  PIRE  TEST  I/P 
and  FAULT  TEST  I/P  on  the  common  logic  cards. 

With  neither  test  button  depressed  both  transistors  TR8  and  TR9. 
are  switched  off  and  both  the  PAULT  TEST  and  PIRE  TEST  lines 
fed  to  the  logic  board,  are  at  Ov. 

When  the  fire  test  button  is  depressed  R39  passes  current  because 
pin  22  of  the  common  logic  card  edge  connector  is  conneced  to  28v 
at  the  CWU.  D16,  a  7.5v  zener  diode  clamps  the  voltage  level  at 
the  base  of  TR9,  which,  with  R37,  acts  as  an  emitter  follower 
stage.  The  voltage  at  TR9  emitter  is  then  approximately  7  volts. 
Similarly,  when  the  fault  test  button  is  depressed,  a  change  of 
voltage  from  Ov  to  about  7  volts  occurs  at  TRS  emitter. 

Components  C12  and  C13  in  conjunction  with  R39,  R41,  D16  and  D17 
act  to  eliminate  interference  entering  the  circuit  via  the  cable 
connectors  from  the  CWU. 

2. 2. 2. 4. 4.  Low  Supply  Voltage  Detection 

2. 2. 2. 4. 4.1.  The  Need  Por  Low  Voltage  Detection 

Low  voltage  detection  is  required  to  ensure  correct  operation  of 
the  system  in  the  event  of  short  duration  loss  of  power  and  to 
ensure  that  memory  data  is  not  corrupted  as  discussed  in  section 
2. 2. 2. 2. 
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2. 2. 2. 4. 4. 2.  Operation  of  Low  Voltage  Detection  Circuit 


The  circuit  consists  essentially  of  the  quad  comparator  IC3  and 
associated  components.  The  battery  card  (described  In  section 
2. 2. 2. 6.)  supplies,  under  full  charge  conditions,  a  4  volt  power 
source  to  pin  26  of  the  common  logic  card  edge  connector. 

(A)  VDD  RAM  is  a  Sv  input  supply  from  the  head  drive  card,  this 
supply  is  fed  via  D18  as  the  supply  voltage  to  the  comparator 
IC3.  Similarly  (B)  VDD  RAM  is  fed  via  D19  to  the  comparator 
supply  input.  Operation  is  then  such  that  if  A  supply  fails  the 
comparator  continues  to  function  due  to  the  sustained  presence  of 
B  supply,  and  vice  versa.  The  battery  input  is  connected 
directly  to  the  comparator  VDD  input  but  high  current  does  not 
flow  from  the  VDD  RAM  line  (at  SV)  to  the  battery  (4V)  because  a 
blocking  diode  is  included  on  the  battery  card  output  line  (See 
section  2. 2. 2. 6.). 

DlS  and  D19  are  included  such  that  in  the  absence  of  the  battery 
(  in  production,  since  the  battery  card  feature  in  for  flight 
trials  purposes  only)  VDD  of  IC3  receives  current  from  either  A 
side  or  B  side  VDD  RAM  supplies. 

D7  clamps  the  battery  voltage  to  7.5V  in  the  event  of  an  open 
circuit  battery,  protecting  the  comparator  and  components  which 
it  controls. 

Detection  occurs  seperately  for  side  A  and  side  B  of  system  A, 
operation  of  which  is  identical,  the  following  describes  the 
operation  of  Side  A  low  voltage  detection. 

Resistor  chain  R5  and  R6  acts  as  a  potential  divider  reference 
voltage  which  is  fed  to  the  inverting  input,  pin  4,  of  the  quad 
comparator,  this  voltage  is  1.25  volts.  The  non  inverting  input 
pin  5  of  IC3  is  connected  to  the  low  voltage  detection  arm  of  the 
bridge  on  the  head  drive  card.  (See  circuit  diagram  43761-143 
CD)  under  normal  conditions  the  voltage  is  greater  than  1.25 
volts. 

The  potential  divider  chain  of  D10,R2,  R3,and  R71  on  the  head 
drive  card  is  set  such  that  the  voltage  at  the  R2,  R3  and  R71 
node  is  1.25  volts  when  the  unregulated  supply  voltage  (ar.  DIO 
anode)  is  8.1  volts. 

At  this  unregulated  voltage  the  5V  regulator  on  the  head  drive 
card  functions  correctly,  however  to  obtain  a  voltage  of  8.1 
volts  Implies  that  the  115V  supply  has  fallen  below  85  volts 
A.C.,  this  in  turn  affects  the  high  voltage  to  the  heads,  below 
this  supply  voltage  heads  may  not  fire  correctly.  The  action  of 
the  low  voltage  detection  circuit  eliminates  this  unwanted 
condition. 
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At  normal  conditions  with  Pin  S  of  IC3  greater  than  1.25  volts 
ths  collector  transistor  output  at  pin  2  of  IC3  will  bs  off. 

A  second  low  voltage  detection  circuit  is  that  formed  by  the 
potential  divider  of  R23  and  R24  which  feeds  comparator  inputs, 
pins  9  and  11.  The  inverting  inputs  of  these  two  comparators  are 
connected  to  the  1.2SV  reference  point.  This  detection  network 
acts  to  detect  the  presence  of  the  28V  supply.  When  the  28V 
supply  is  present  the  voltage  at  R23/R24  node  is  greater  than  3 
volts.  Under  all  normal  fluctuations  of  the  supply  rail, 
therefore,  the  transistor  outputs  at  pins  13  and  14  of  IC3  will 
be  switched  off. 

1C3  pin  4  output  is  connected  to  IC3  pin  2  output  both  having  a 
common  pull  up  resistor  R13.  With  both  output  transistors 
switched  off,  R13  causes  the  CS2  line,  connected  to  these  outputs 
to  be  at  VOD  RAM  voltage. 

If  the  115V  A.C.  supply  drops  below  85  volts  the  voltage  at  pin 
5  of  IC3  will  drop  below  1.25  volts  causing  the  output  state  of 
the  comparator  to  change,  a  OV  condition  will  now  exist  at  the 
CS 2  line. 

Alternatively  if  the  28V  supply  falls  below  approximately  8 
volts,  pin  9  of  IC3  will  now  be  less  than  1.25  volts  causing  the 
output  state  of  the  comparator,  pin  14  to  change,  again  an  OV 
condition  will  result  on  the  CS2  lino. 

Therefore,  either  a  drop  in  AC  line  voltage  or  a  loss  of  the  28v 
supply  voltage  causes  the  CS2  line  to  change  from  a  '1'  state  to 
a  'O'  state. 

Capacitor  C2  ensures  that  VDD  RAM  voltage  stays  high  for 
sufficient  time  for  the  correct  comparator  operation  i.s.  so  that 
the  comparator  reference  voltage  is  held  high  for  a  short  period 
after  the  VDD  RAM  regulator  input  has  dropped  such  that  correct 
regulator  is  not  taking  place. 

Assuming  that  the  system  has  just  been  switched  off,  CS 2  will 
change  from  a  *1'  state  to  a  'O'  state.  As  VDD  RAM  voltage 
collapses  the  VDD  input  to  XC3  will  be  powered  via  the  battery 
input.  The  VDD  line  now  has  battsry  voltage  which  is  also  fed  to 
RAM  memory  on  the  m  icr  op  rocessor  card ,  thus  maintaining  memory 
content.  The  change  of  state  of  CS 2  to  a  'O'  via  D1  state 
disables  the  CS2  input  of  RAM  memory  on  the  microprocessor  card, 
a  change  which  must  occur  before  the  supply  voltage  drops  out  of 
range  of  that  specified  for  correct  operation  of  the 
microprocessor  chip.  For  ths  systsm  design  ths  CS2  change  of 
ststs  to  a  'O'  level  occurs  approximately  2mS  before  the  5v 
supply  rail  (VDD)  begins  to  drop  out  of  regulation. 


The  action  of  CS2  changing  state  alto  has  effects  on  the  logic 
card  (see  circuit  diagram).  The  CS2  line  via  01  of  the  logic 
card,  causes  the  power-on  reset  capacitor  to  be  discharged  when 
CS2  changes  to  a  'O'  state,  holding  the  CLR  line  at  a  reset  state 
during  the  power-off  period. 

When  power  is  restored  to  the  system  the  following  sequence  of 
events  occursi  V00  RAM  line  voltage  will  change  from  battery 
voltage  to  its  normal  running  voltage  level.  At  the  same  time, 
dependant  on  how  quickly  supply  voltage  on  AC  and  DC  supplies 
builds  up,  CS2  line  will  change  to  a  '1'  state.  This  will  cause 
Dl  on  the  logic  card  to  become  reverse  biased  allowing  the  power- 
on  reset  circuit  to  function.  Subsequent  removal  of  the  reset 
condition  causes  D2  on  the  microprocessor  card  to  become  reverse 
biased  and  R12  causes  CS2  to  be  pulled  to  a  '1'  level  allowing 
RAM  memory  to  become  enabled. 

This  sequence  of  events  ensures  that  all  timing  and 
initialization  needs  of  the  system  are  met. 


2. 2. 2. 4. 5.  Filtering  Circuit 

Diode  D8  is  an  energy  absorbing  zener  diode  which  clips  incoming 
high  voltage  spikes.  To  keep  power  dissipation  of  D8  to  safe 
limits  yet  allow  all  voltage  requirements  of  the  logic  drive 
circuit  to  bs  met  a  fusible  resistor  of  IS  ohm  impedance  is 
included  in  series  with  the  28v  supply  rail. 

Diode  Dll  in  series  with  the  positive  supply  rail  cuts  off  any 
effects  of  high  negative  voltage  excursions  on  the  28v  supply 
line. 

Capacitors  C3  to  Cll,  C14  and  CIS  are  active  in  reducing  unwanted 
circuit  Interference. 

2.2.2.5.  Common  Logic  Card  (System  B? 

(Circuit  diagram  reference  43761-146CD)  -  Reference  2-12 

System  B  common  logic  card  uses  the  same  pcb  as  that  for  System  A 
with  minor  amendments.  The  amendments  are  to  make  links  at 
comparator  1C3  such  that  the  B  side  low  voltage  line  detection 
circuitry  is  Inactive,  and  to  eliminate  a  NAND  gate  package 
(IC2  on  System  A  common  logic  card)  and  associated  resistors. 

With  the  of  IC2,  operation  of  the  fire  and  fault  logic  is  as  if 
A  side  has  effected  an  inhibit  on  B  side  logic  gating. 

Afl  other  functions  are  as  per  System  A  common  logic  card 
descr iption . 
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2. 2. 2. 6. 


Battery  Card 


(Circuit  component  reference  43761-140CD)  -  Reference  2-13 

The  battery  card  is  resident  in  System  B  only.  It  consists  of 
two  independent  battery  circuits  suppling,  in  the  case  of  Battery 
A  output,  power  to  System  A  common  logic  card  battery  input. 
This  is  performed  by  a  connecting  wire  in  the  system  harness  on 
the  aircraft  installation. 

Battery  B  supplies  power  to  System  B  common  logic  card  Battery 
input  via  the  CCU  mother  board. 

The  battery  cells  B1  to  B6  are  sealed  nickel  cadmium  cells  with  a 
240mAH  rating.  A  trickle  charge  current  is  fed  to  the  cells  via 
either  D1  and  Rl  for  cells  Bl  -  83  or  D2  and  R2  for  cells  Bl  - 
B6.  Isolating  diodes  03  and  04  then  pass  battery  current  to  the 
common  logic  card  and  RAM  on  the  microprocesor  card. 

Design  of  the  battery  card  was  based  on  an  average  flight 
envelope  of  one  and  a  half  hours.  Thus,  to  ensure  that 
sufficient  charge  is  stored  during  this  period  a  relatively  high 
trickle  current  is  necessary.  To  attain  this,  a  240maH  rating 
battery  had  to  be  used  to  ensure  that  over  the  operating 
temperature  range  the  maximum  allowable  trickle  current  was  not 
exceeded.  The  design  ensures  that  a  battery  will  supply  the 
comparator  on  the  common  logic  card  and  the  RAM  on  the 
microprocessor  card  for  8  hours  after  a  normal  flight  envelope. 

It  should  be  noted  that  the  battery  card  is  included  only  for 
flight  trails  and  has  an  operating  temperature  range  limited  to  - 
30°  to  +  4  5°. 


2. 2. 2. 7.  Filter  Board 

(Circuit  diagram  Refj  System  A  43765-028,  System  B  43765-029)  * 
References  2-14  and  2-15. 

It  is  necessary  for  the  control  unit  to  meet  the  conducted 
emission,  susceptabi li ty  and  transient  requirements  of  MIL-STD- 
461A  and  MIL-STD-704A.  This  is  acheived  by  three  filter  networks 
on  the  filter  board  for  System  A  and  two  filter  networks  on  the 
filter  board  for  System  B.  To  minimize  the  radiated  emission 
effect  of  the  incoming  supply  leads,  the  filter  boards  are 
mounted  as  close  to  the  plug  as  possible. 

There  are  two  115v  filters  on  System  A,  and  one  28v  DC  filter. 
The  115v  filters  are  designated  115vA  and  115vB.  The  components 
that  make  up  115vA  are  Rl,  01,  02,  D3  and  D4  (transient  voltage 
suppressors)  Rl,R3  and  C2.  D1  and  02  clip  the  incoming  transient 
voltage  on  one  half  cycle  to  approximately  3j0v  peak  and  03  and 
04  clip  the  voltage  on  the  following  half  cycle.  Rl  provides 
some  source  impedance  for  the  transient  voltage  suppressors  to 
limit  the  current  flowing  during  the  transients.  Rl  is  a  fusible 
resistor  which  will  blow  if  the  c  i  i  cu*  t  exceeds  a  constant 
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current  of  approximately  0.65A.  R3  and  C2  act  aa  a  radio 
frequency  suppressor.  Similarly,  components  D5,  D6,  07,  08,  R2, 
R4  and  C3  make  up  the  115VB  filter.  The  28v  filter  is  made  up  of 
three  components  on  the  filter  board.  LI  and  L2  slow  up  incoming 
and  outgoing  current  transients,  and  Cl  suppresses  incoming 
voltage  spikes.  Further  filtering  of  the  20v  DC  supply  is 
carried  out  on  the  common  logic  card  as  discussed  in  Section 
2. 2. 2. 4.  Similarly,  System  B  has  the  same  filter  with  the 
exception  of  115vB  which  is  not  required. 


2.3.  Crew  Warning  unit(CWU) 

(Circuit  diagrams  ref.  53813-202-CD)  -  Reference  2*16 

The  Crew  Warning  Unit  gives  visual  indication  if  either  a  fire  or 
a  fault  is  detected  on  either  of  the  aircrafts  engine  fire 
detection  systems. 

2.3.1.  Construction 


General  assembly  drawing  53813-202A  shows  the  units  construction 
which  is  contained  in  a  rectangular  box  made  from  stainless 
steel.  The  front  panel  is  (2")  high  x  (6*)  wide,  and  is  retained 
to  the  box  by  means  of  two  screws.  On  the  front  panel  are  six 
switch/indicator  assemblies  mounted  in  three  groups  of  two.  The 
outer  two  groups  are  indicators  and  the  inner  groups  are 
switches.  There  are  also  four  pillars  mounted  on  this  panel 
which  support  a  circuit  board  and  the  remaining  components.  The 
switch  indicator  assemblies  are  connected  to  the  circuit  board 
and  to  a  square  flange  bayonet  recepticle  by  means  of  P.T.F.E. 
wire.  This  recepticle  is  bolted  to  the  inside  of  the  bottom  of 
the  box  by  means  of  four  screws.  The  cable  harness  is  of 
sufficient  length  to  allow  the  four  panel  assemblies  to  be 
removed  from  the  box  to  enable  any  necessary  repairs. 


The  indications  are  of  the  sunlight  readable  type  to  mil-S- 
22885/90  and  the  legends  "FIRE"  and  "FIRE  DET-FAIL"  are  only 
visible  when  illuminated.  As  thess  indication/switches  are  not 
of  the  waterproof  type  it  is  necessary  to  have  drainage  holes  on 
each  corner  of  the  bottom  of  the  box. 


The  unit  is  mounted  in  the  aircraft  by  means  of  four  DZUS 
fasteners,  two  on  each  side  of  the  front  panel. 

The  unit  has  a  natural  polished  finish  apart  from  the  front  panel 
which  is  painted  matt  black,  and  has  an  overall  size  of  6"  wide  x 
1.75"  high  x  5"  deep.  The  approximate  weight  of  the  unit  is 
600g. 


The  crew  warning  unit  performs  three  functional 

i)  Fire  and  fault  indication, 

ii)  Fire  and  fault  teat, 

iii)  CCU  reset. 

2. 3. 2.1.  Fire  and  Fault  Indication 

For  increased  reliability,  LP1  -  LP4  are  wires  in  parallel  and 
provide  the  left  engine  "FIRE*  indication  when  supplied  by  a  24 
volt  signal  from  the  common  logic  card  in  the  left  engines 
control  unit.  Similarly,  LPS  -  LP8  provide  the  left  engine  "FIRE 
DET  FAIL*  indication. 

LP9  -  LP12  provide  the  right  engine  "FIRE  DET  FAIL* 
indication  when  supplied  by  24  volt  signals  from  the  common  logic 
card  in  the  right  engines  control  unit.  Similarly,  LP13  -  16 
provide  the  right  engine  "FIRE  DET  FAIL*  indication. 

2.3.2. 2.  Fite  and  Fault  Test 

There  are  two  test  button  facilities  *PIRE  DET  TEST"  and  "FAIL 
IND  TEST".  The  first  test  button  "FIRE  DET  TEST"  is  a  two  pole 
normally  open  momentary  action  switch  SI.  When  the  switch  is 
depressed,  Sla  contacts  ''lose  and  supply  24vqlts  to  the  firs  test 
input  on  both  common  logic  cards  via  D1  and  D2  isolation  diodes. 
This  action  energizes  the  test  emitters  as  detailed  in  Section 
3. 4. 3. 2.,  and  both  FIRE  indicators  light. 

The  second  test  button  "FAIL  IND  TEST",  is  also  a  two  pole 
normally  open  momentary  action  switch,  S2.  When  the  switch  is 
depressed,  S2a  contacts  close  and  supply  24v  to  the  fault  test 
input  on  both  common  logic  cards  via  D3  and  D4  isolation  diodes. 
This  action  generates  a  fault  as  described  in  Section  3. 4. 3. 2., 
and  both  "FAIL  IND  TEST"  indicators  light. 

The  24v  that  supplies  these  switches  is  filtered  to  minimize 
radio  frequency  pick-up.  D5  is  a  reverse  voltage  protection 
diode.  LI  suppresses  the  radio  frequency  currents  and  Cl 
decouples  the  radio  frequency  voltages. 

2 . 3 . 2 . 3 .  Control  Unit  Reset 

The  "FIRE  DET  TEST"  and  "FAIL  IND  TEST"  t  >  switch  provides 

a  second  function.  When  the  control  units  i  ,i  a  fault  mode  it 
is  necessary  to  reset  them.  This  can  be  achieved  by  depressing 
these  switches  in  a  particular  sequence  as  described  in  Volume 
I  .  S2b  connects  control  line  2  to  Ov  and  Sib  connects  control 
line  2  to  control  line  1.  Control  lines  1  and  2  feed  to  both 
control  units  as  shown  in  installation  drawing  Z22004.  (Reference 
2-17) 
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An  overview  of  the  software  system  is  given  in  pars.  3.1  followed 
by  more  detailed  discussion  of  the  software  segments. 

3.1.  Overview  of  Software 

The  system  software  resident  in  3K  bytes  of  ROM  memory  serves  to 
control  timing  functions  of  the  system,  to  process  snd  act  on 
fire  data  and  to  effect  many  system  tests  designed  to  prove  the 
integrity  of  the  system. 

The  assembled  program  listings  are  contained  in  Appendix  A-2, 
all  software  description  refers  to  the  relevant  program  and 
should  be  read  in  conjunction  with  the  system  flow  diagram  53813- 
203  and  204  FD. (Reference  3-1) 

Program  structure  is  such  that  the  majority  of  functions  occur 
under  interrupt  control  due  to  the  time  dependant  nature  of  the 
system  requirements. 

3.1.1  Software  Component  Programs 

A  cyclic  operation  occurs  after  the  INITIALIZATION  program  has 
been  completed,  in  which  the  two  sides  of  the  system  (if  System 
A)  are  synchronized  and  all  required  registers  and  memory 
locations  are  set  to  initial  values. 

After  initialization  the  BACKGROUND  program  is  entered,  the 
primary  function  of  which  is  to  carry  out  tests  to  prove  that  ROM 
memory  is  not  corrupt.  This  program  is  interrupted  at 
intervals  of  832  us  to  carry  out  the  INTERRUPT  program. 

The  interrupt  program  has  two  phases,  GATHER  and  PROCESS,  both 
are  responsible  for  system  timing.  During  the  gather  phase  the 
sides  time  share  is  high  and  at  each  interrupt  event  the  main 
function  is  to  obtain  head  data.  This  phase  lasts  for  167ms. 

On  completion  of  the  gather  phase  the  time  share  changes  to  a  low 
level  and  the  PROCESS  phase  commences,  this  also  lasts  for  167ms. 

At  each  interupt  event  during  the  process  phase,  system  timing 
and  system  interrupts  are  monitored. 

The  FIRE  program  is  responsible  for  processing  the  head  data 
and  computing  if  a  fire  or  fault  condition  is  to  be  set  or  reset. 
The  fire  program  is  executed  after  the  gather  phase  of  the 
interrupt  program  and  is  entered  from  the  background  program. 
Consequently  the  fire  program  is  interrupted  every  832  us 
meanwhile  background  operation  is  suspended.  Upon  fire  program 
completion  background  operation  resumes. 
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The  final  major  element  of  the  software  is  the  GSE  program 
which  is  executed  upon  command  of  the  remote  test  equipment. 

3.1.2  Program  Development 

All  programs  were  edited  and  assembled  using  an  RCA  development 
system  apart  from  the  fire  program  and  parts  of  the  GSE 
program  which  were  compiled  using  a  tie  to  a  main  frame  compute 

Main  frame  written  program  was  debugged  in  the  same  medium  and 
then  combined  with  the  remaining  program  which  was  then 
debugged  using  the  RCA  development  system  and  associated 
emulator. 

3.1.3  Program  Instructions  and  Language 

Appendix  A-3  contains  a  summary  of  the  instruction  set  and  their 
function  of  the  1802  microprocessor. 

Appendix  A -4  summarizes  the  level  2  assembly  language  used  in  the 
listing  of  the  fire  and  part  of  GSE  program. 

3.1.4  RAM  Memory  Allocation 

Fig.  3-1  reaps  the  useage  of  memory  locations  in  the  RAM  area 
between  locations  OCOO  and  OCPF. 

3.1.5  Register  Allocation 

Fig. 3-2  shows  the  major  useage  of  microprocessor  registers. 

3.1.6  Flags  and  Interrupt  Data 

The  major  memory  locations  utilized  for  flags  and  input  data  is 
shown  in  Table3'l  where  individual  bit  useage  is  identified. 


3.2.  Initialization  Program 

The  function  of  the  initialization  program  is  to  set  registers 
and  memory  locations  such  that  upon  entry  to  background, 
interrupt  and  fire  programs,  correct  program  operation 
occurs. 

The  second  main  function  of  the  initialization  program  is  to 
cause  correct  start  up  and  phasing  of  the  two  processor  sides  if 
the  system  is  A  type. 

3.2.1.  Memory  Locations  and  Register  Initialization 

At  start  up  interrupts  are  disabled  (line  4)  and  program 
control  is  moved  to  register  P7  (line  10)  Power-on  reset  causes 
program  counter  R0  to  be  reset  to  H'0000'  and  program  runs 
from  this  program  step  under  control  of  R0.  Operation  must  be 
moved  away  from  R0  control  because  the  DMA  capability  utilized  by 
the  hardware  required  R0  to  act  as  a  memory  pointer  to  which  data 
is  being  passed. 
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REGISTER 


USE AGE 


RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RA 

Rfl 

RC 

RO 

RE 

RP 


DMA  Memory  Pointer 

Interrupt  Program 

Stack  Pointer 

Background  Program 

Used  By  Interrupt  Program 

Lower  Half  used  As  Interrupt  Timer 
Upper  Half  Used  As  Temporary  Store  In 
Interrupt  Program 

Used  By  DMA  Program 

Initialization  t  GSE  Program 

Used  As  Subroutine  Pointer 

Used  As  Subroutine  Pointer  , 

Used  By  Plre  Program 

Used  By  Pire  Program 

Pointer  To  ROM  Por  Background  Program 

Used  By  GSS  Program 

Used  By  Pire  Program 

Used  By  Pire  Program 

FIGURE  3-2  REGISTER  ALLOCATION 
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TABLE  3-1 

MEMORY  LOCATION  USEAGE 
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MEMORY  IDENTITY  BIT  ALLOCATION  i 
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a* 
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1 
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2 
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Output 
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Time 
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1 
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GSE 

2 

Inhibit 

Fire 

Fault 

DMA 

Data 

OC24 

True 
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Register 
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Fire 

Fault 

OC25 

Internal 

Flags 

Register 
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Button 

(High) 

Test 

Flag 

Fire 

Button 

(low) 

Other 
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Dead 

Rom 

Check 

» 

Head 

Test 
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Button 

Enter 

Fire 

Program 

OC45 

Port  3 
Data 

- 

mm 

GSB  4 
I/P 

Fire 

Button 

GSB  2 
I/P 

GSE  3 
I/P 

Fault 

Button 

GSE  1 
I/P 

Registers  are  initialized  for  pointing  to  RAH  memory  locations 
specifically  RO,  the  DMA  pointer,  R2,  R5,  RA  and  RF  (lines  12  - 
15). 

At  this  point,  program  operation  determines  whether  it  is  to 
run  the  fire  program  or  under  control  of  GSE.  The  hardware 
input,  bit  5  of  port  3  called  GSE  4  INPUT,  is  set  to  a  *1'  if  GSE 
is  disconnected  and  'O'  if  GSE  ia  connected  and  active. 
Program  steps  at  lines  18  to  20  determine  the  GSE  status.  If 
GSE  program  is  to  be  run  a  jump  to  the  separately  described  GSE 
program  occurs. 

A  fire  program  will  automatically  occur  if  GSE  is  not 
connected . 

Program  then  determines  whether  it  has  data  retained  in  memory 
from  a  previous  flight.  To  perform  this,  three  locations  are 
allocated  to  storage  of  an  identity  pattern.  On  start-up,  all 
RAH  locations  will  be  in  a  random  bit  pattern  if  the  battery  is 
not  holding  RAM  supply  voltage  up.  By  setting  the  three 
locations  to  a  bit  pattern,  A5,A5,A5,  the  program  can  determine 
whether  the  memory  should  be  reset. 

If  data  has  been  retained  from  a  previous  fligh.  and  memory  not 
read  out  (and  subsequently  reset)  by  the  GSF  then  the  pattern 
AS,A5,A5  will  exist  at  locations  OCOl,  0C02  anr  0C03. 

The  program  at  lines  21  to  43  check  for  the  A5,A5,A5  pattern, 
if  confirmed  the  memory  is  not  reset.  If  not  confirmed,  the 
program  utilizes  a  subroutine  RMTAR,  described  in  Section 
3.2.4.  to  test  and  reset  to  zero  all  locations  of  the  volatile 
memory  (note  that  this  reset  function  serves  to  reset  the  main 
timer  at  location  OC26  and  OC27).  Subsequently,  locations  OCOl  - 
0C03  are  all  set  to  contain  bit  pattern  A5. 

The  initialization  program  then  sets  the  H (OLD)  location  OCC7 
to  H'i-'F'  indicating  at  this  stage  that  all  heads  in  the  system 
are  good.  Subsequent  head  tests  and  fire  program  will  then 
modify  this  location  according  to  the  aircraft  configuration  and 
number  of  heads  utilized  within  that  configuration. 

Program  lines  44  to  50  effect  2eroing  of  memory  locations 
referred  to  on  the  memory  map  as  W,X,Y,Z,W',X,,Y,,P  and  F' . 
These  locations  are  used  by  the  fire  program  and  are  further 
described  in  Section  3.5. 

The  'rocessor  side  r.ow  needs  to  know  whether  it  is  to  act  as  a 
master  or  slave  processor.  The  purpose  of  this  hardware  input  is 
to  enable  software  to  set  the  operation  of  the  two  sides  such 
that  they  are  functioning  in  anti-phase,  is.  while  say,  side  1 
is  in  the  gather  phase,  side  2  will  be  in  the  process  phase. 

To  input  the  hardware  status  of  the  maeter/slave  bit,  which  is 
resident  on  DMA  input  ports,  it  is  necessary  to  effect  a 
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bootstrap  DMA  operation  and  then  to  run  software  checks  on  the 
input  data.  This  operation  is  performed  between  lines  SI  and  71 
and  is  identical  to  that  described  in  Section  3. 5.1.1. 


The  configuration  data  of  the  DMA  ports  i  then  stored  at 
location  0CD7  and  is  called  the  configuration  yte  (lines  72  to 
74). 

For  correct  operation  of  its  first  pass  it  must  appear  to  the 
fire  program  that  DMA  data  has  been  received  from  the  second 
processor.  To  effect  this  the  low  bits  of  memory  locations  OCDP 
to  OCE6  must  be  set  to  1,1,0, 0,1, 1,0  and  0  respectively.  This  is 
effected  between  lines  75  and  79. 

At  line  80  che  program  looks  to  see  if  the  inhibit  line  into  it 
has  been  flagged  high  by  the  second  side.  This  operation  is 
included  here  to  eliminate  the  possibility  of  the  return  to  a 
functional  state  of  one  side  after  its  power  lines  have  been 
interrupted.  This  is  necessary  because  the  system  cannot 
reconfigure  to  a  two  sided  system  once  one  side  has  exhibited  a 
fault  condition.  Therefore,  if  a  system  started  with  both  sides 
functional,  and  then  say  side  2  failed  due  to  a  power  supply 
interruption,  side  1  would  reconfigure  to  a  single  sided  system 
and  raise  its  inhibit  flag  line.  In  the  unlikely  event  of  side  2 
being  repowered  while  side  1  is  still  running,  the  software  of 
lines  80  and  81  ensure  that  the  side  runs  into  a  latching  fault 
LACHFL  routine,  effectively  running  in  a  passive  loop. 


Timer  constraints  explained  in  Section  3. 4. 3. 3.  are  then  loaded 
to  memory  locations  OC28,OC29,  and  OC2A  (lines  87  to  89).  This 
is  followed  by  clearing  memory  locations  OC20  to  OC25,  locations 
used  by  the  gather  phase  of  the  interrupt  program  (lines  91  and 
92)  . 

Line  93  sets  parity  bits  for  transfer  by  DMA  activity  as 
discussed  in  Section  3.4.4. 

3.2.2.  Start  up  Timing 

Assuming  that  the  system  is  A  type,  it  is  necessary  to  ensure 
that  both  sides  are  synchronized  in  a  manner  so  that  one  side 
will  issue  its  time  share  high  (allowing  hardware  to  pass  high 
voltage  to  the  heads)  and  the  second  side  will  issue  its  time 
share  low  (such  that  its  heads  are  off  line).  Subsequent  timing 
of  the  two  sides  operation  is  then  accomplished  by  the  interrupt 
program. 

What  must  be  taken  into  account  is  the  fact  that  both  sides  may 
differ  slightly  in  the  time  taken  to  reach  a  given  point  in  the 
program.  This  difference  is  a  function  of  the  tolerance  of 
components  associated  with  the  apower-on  reset*  circuit  and 
tolerance  of  the  crystal  and  hence  the  system  clock. 
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Program  execution  between  lines  96  and  145  takes  the  above 
timing  discrepancies  into  account,  operation  of  which  is  as  . 
followst 

When  program  execution  of  say,  side  1  reaches  line  96  a 
hardware  flag  is  output  on  the  time  share  output  line  of  port  4. 
This  flag  output  is  also  directly  connected  as  a  flag  input  to 
the  second  side  on  its  £P?  ^OT)  input.  Conversely,  the  BF2 
(NOT)  flag  input  to  side  signals  the  status  of  side  2 
processors  time  share  line. 

Allowance  is  made  for  the  possible  delay  of  the  second  side 
reaching  the  point  where  it  issues  a  flag  '1'  level  on  its  time 
share  line.  A  time  delay  is  built  into  the  program,  throughout 
which  a  check  to  see  whether  the  EP2  (NOT)  input  has  changed 
state.  If  the  time  delay  times  out  (approximately  6  seconds 
later)  before  side  2  issued  EP2  (NOT)  *  1  then  the  second  side  is 
inhibited.  Lines  98  and  99  load  the  delay  constant  to  the  timer 
and  program  jumps  to  line  110  to  execute  the  delay.  After  each 
instruction  the  status  of  the  EP2  (NOT)  flag  is  checked.  If  it 
changes  state  the  delay  program  is  terminated  by  a  jump  to 
label  HALF. 

If  the  delay  program  times  out  it  is  presumed  that  the  second 
side  has  failed  to  start  (or  that  the  system  is  type  B) .  This 
results  in  the  legging  of  an  error  code  to  a  location  reserved 
for  codes  which  effect  shut  down  of  the  second  processor.  The 
time  of  shut  down  is  also  logged.  Locations  used  are  OClB  and 
OC1D. 

Assume  again  that  correct  start  up  of  both  sides  has  occurred 
then  the  slower  side,  on  entry  to  the  time  delay  program,  will 
immediately  exit  from  same  because  the  quicker  side  has  issued  a 
time  share  ‘1'  flag  and  is  at  this  time  executing  a  delay 
sequence.  At  the  moment  the  slowest  side  issues  a  high  time 
share  output,  synchronization  has  been  achieved  and  both  sides 
proceed  to  the  next  step  by  determining  at  line  103  whether  they 
are  master  or  slave.  If  the  side  is  master,  program  jumps  to 
label  GO  on  line  128. 

If  the  side  is  slave,  the  time  share  line  must  be  reset  to  'O' 
i.e.  heads  off  line  (at  line  107). 

3.2.3.  Further  Housekeeping  Requirements 

Further  housekeeping  requirements  for  correct  entry  to  the  fire 
end  interrupt  programs  must  then  occur.  Line  108  sets  R0  to 
OCFF ,  because  subsequently  the  slave  side  90es  directly  (via  the 
background  program)  to  the  fire  program,  this  program 
expects  to  see  OCFF  in  R0  as  if  s  DMA  transfer  has  taksn  pises  in 
the  previous  gather  phaoe.  Because  at  thia  time  no  prior  gather 
phase  has  taken  place  for  the  slave  side,  it  must  be  simulated. 

A  flag  is  then  set  in  the  internal  flags  registsr,  OC25  such  that 
the  fire  program  is  immediately  entered  via  the  background 
program  described  in  Section  3.3. 
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Program  execution  haa  now  reached  label  GO  at  line  120.  At 
this  point  the  interrupt  program  counter  R1  ia  loaded  with  the 
atart  addreea  of  the  interrupt  program  (H'06061). 

Register  R2,  the  stack  pointer,  (described  in  Section  3.4)  is 
initialized  to  point  at  stack  memory  location  OC90  and  RS  and  R6 
are  initialized  to  auit  the  needs  of  the  interrupt  program. 

It  is  neceaaary  to  process  the  configuration  byte  before  entry  to 
the  fire  program.  This  is  effected  by  setting  the  address  of 
the  program  ADJSET  in  R9  and  then  executing  a  subroutine  call 
at  line  136,  the  resultant  parity  checksum  generated  by  ADJSET  is 
stored  at  OCDA  by  line  137. 


After  enabling  interrupts  to  occur  (line  138)  program  control 
is  passed  to  R3  and  execution  resumes  via  the  background 
program. 

3.2.4  Ram  Test  and  Reset  Routine 

This  subroutine  is  called  by  the  initialization  program  and  the 
GSE  program.  Its  function  ia  to  perform  a  test  on  all  random 
access  memory  locations  and  then  to  reset  them  all  to  zero. 

Program  listing  is  shown  from  line  146  of  the  initialization 
program. 

Entry  to  the  program  is  at  line  149,  all  locations  are  checked 
by  loading  AA  to  each,  followed  by  reading  them  back  to  the 
accumulator  and  executing  a  check  to  ensure  that  the  write 
operation  was  correctly  performed.  This  is  repeated  by  writing 
55  to  each  location.  Failure  to  respond  correctly  to  the  test 
results  in  the  loading  of  a  fault  identity  and  a  jump  to  the 
LACHPL  routine. 

Following  the  above  test  all  memory  locations  are  reset  to  zero 
and  the  program  control  is  returned  to  the  calling  program. 


3.3.  Background  Program 

The  background  (or  main)  program  performs  a  continuously 
cycling  test  on  the  content  of  the  read  only  memory,  thus 
ensuring  that  at  all  times,  all  program  steps  are  correct. 
This  is  necessary  particularly  in  the  case  of  routines  that  are 
not  flexed  in  the  course  of  normal  operation  or  when  FIRE  or 
FAULT  buttons  are  pressed,  for  example  LACHPL. 

In  effect  this  program  is  split  into  12,  256  byte  pages.  Each 
page  is  checked  individually  by  adding  all  bytes  together,  the 
resultant  byte  (ignoring  all  carries)  is  then  compared  with  a 
checksum  stored  in  a  convenient  acee  of  the  memory.  Failure  to 
check  out  correctly  causes  the  side  to  shut  itself  down. 


As  a  confidence  check  the  second  side  allows  a  given  time  for 
the  primary  side  to  carry  out  the  check  (and  vice  versa).  The 
second  side,  as  part  of  the  interrupt  program,  down  counts  a 
register.  If  the  counter  reaches  zero  before  the  primary  side 
indicates  (via  OKA  transfer)  that  the  operation  has  been 
completed  on  all  ROM  a  fault  condition  is  issued  by  the  second 
side  and  effects  a  shut  down  of  the  faulty  side  by  Issuing  a  high 
on  its  inhibit  line. 

The  background  program  is  functional  only  when  head  data  is 
being  gathered,  i.e.  when  time  share  of  the  side  is  high,  and  the 
program  operation  allows  only  one  page  to  be  checked  per  gather 

phase . 

Purther  operation  of  the  background  program  is  to  control  the 
entry  to  the  fire  program. 

3.3.1.  Background  Program  Qptratlon 

On  entry  to  the  background  from  the  initialization  program,  a 
register  is  set  up  pointing  to  RAM,  this  pointer  is  initially  set 
to  OCOO,  i.e.  1  byte  above  the  highest  program  bit  (OBPP) ,  this 
occurs  on  lines  0010  and  0013. 

A  memory  location  is  ass igned  to  act  as  an  accumulator  for 
ongoing  result  of  the  addition  of  each  memory  byte  within  the 
page  being  checked.  This  memory  location  is  OC2C. 

A  check  to  determine  whether  time  share  is  high  or  low  is  then 
carried  out  at  lines  14  and  15,  the  check  is  carried  out  once, 
i.e.  on  entry  to  the  background  program  from  initialization  and 
allows  immediate  transfer  to  the  fire  program  if  the  side  is 

slave. 

The  same  check  is  then  carried  out  at  lines  17  and  18  as  part  of 
the  cyclic  operation  of  the  program. 

To  ensure  that  only  one  page  of  memory  is  checked  per  gather 
phase  the  check  at  line  19  is  Included. The  interrupt  timer  R5  (0) 
which  counts  down  from  H'C8‘  at  the  start  of  the  gather  phase,  to 
H '  1 3 *  at  completion.  Checking  for  the  R5  (0)  value  being  less 
than  H'CO'  gives  a  window  of  eight  interrupt  occurrences  for  the 
page  check  to  be  started.  Because  the  page  check  will  take  more 
than  eight  interrupt  periods,  only  one  page  is  verified  per 
gather  phase. 

The  test  at  line  19,  if  passed,  leads  to  the  checking  of  a  page 
of  ROM.  The  accumulator  at  OC2C  is  then  rezeroed,  (line  22). 

Program  lines  23  to  26  get  each  ROM  byte  as  pointed  to  by  the 
pointer  and  adds  them  into  the  accumulator.  At  the  completion  of 
the  page  the  resultant  accumulator  value  is  compared  with  the 
check  sum  values  stored  at  memory  locations  0800  to  080  8. 
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Location  0800  points  to  page  0  checksum,  up  to  location  Q80B 
which  points  to  pags  B  checksum.  Ths  fact  that  ths  lowsr  byte 
value  of  the  memory  location  is  the  same  as  the  page  number  is 
utilized  by  the  program  to  access  the  checksum  value  (line  28 
and  29).  Lines  30  and  31  execute  the  checksum  comparison  with 
the  page  accumulator/  failure  to  compare  correctly  results  in  the 
loading  of  a  fault  identity  and  a  jump  to  the  LACHFL  routine 
(line  48). 

With  the  page  correctly  checked/  the  page  pointer  is  initialized 
to  the  next  page  below  or  if  zero  page  has  just  been  checked, 
back  to  page  B.  (lines  32  to  36) 

Program  continues  by  returning  to  the  label  HELIUM  by  this  time 
the  interrupt  counter  is  below  H'CO*  and  no  new  page  of  program 
is  checked.  Instead  program  jumps  to  line  49  where  it  wants  to 
see  the  occurrence  of  a  flag  which  allows  it  to  proceed  to  the 
fire  program.  This  flag  (bit  0  of  OC25)  is  set  by  the 
interrupt  program  at  the  completion  of  the  gather  phase  (line 
146  of  gather  phase  interrupt  program).  When  the  flag  line  is 
set,  program  proceeds  at  line  51  where  parting  bits  of  the  DMA 
status  register  are  loaded  before  passing  program  control  to  R7 
which  is  the  fire  program  pointer. 

At  the  occurrence  of  subsequent  gather  phases  the  next  page  of 
ROM  is  checked  as  pointed  to  by  the  high  byte  of  the  ROM  counter. 
When  the  check  at  line  34  indicates  that  all  pages  have  been 
checked  program  jumps  to  line  38.  A  flag  is  set  at  bit  3  of  the 
internal  flags  register  at  location  0C25  which  is  used  as  an 
indication  that  the  ROM  check  has  successfully  been  completed. 

Program  then  repeats  RAM  checking  from  page  B  to  page  0,  in  a 
continuous  cycle. 

3.4  Interrupt  Program 

3.4.1  Interrupt  Program  Common  to  Gather  and  Process  Phases 

The  interrupt  program  is  responsible  for  timing  of  the  two 
phases  of  operation,  i.e. gather  and  process  phases. 

The  phases  are  so  called  because  during  gather,  head  data  is 
being  input  to  the  system  and  during  the  process  phase  the 
received  data  is  being  processed  by  the  fire  program. 

The  interrupt  program  also  performs  logical  operations  on  the 
head  data  as  it  is  received  and  is  also  responsible  for 
transfering  data  to  the  output  port  from  the  output  register. 
This  data  is  loaded  to  the  output  register  at  various  points 
throughout  the  background  and  firs  progrsm,  there  will 
therefore  in  most  cases  be  a  finite  delay  (less  than  832 
microsecs)  betwen  an  output  stats  being  requested  and  being 
executed. 
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The  program  is  entered  at  line  72  of  the  gather  phase  listing 
of  the  interrupt  program.  Register  R2  is  pointing  to  a  stack 
in  memory  such  that  on  entry  a  new  free  area  of  stack  is  made 
available  by  operation  at  line  72.  The  T  register  (which 
contains  the  X  and  P  pointer  register  values  immediately  after 
the  interrupt  event)  is  then  saved  in  the  stack,  another  free 
area  is  made  available  and  the  value  of  the  accumulator  (D)  and 
the  carry  flag  (DP)  are  also  saved  ip  the  stack. 

At  lines  78  to  80  a  memory  location  is  pointed  to  which  is  to 
save  the  new  state  of  the  8  heads  available  as  input  port  7. 
Memory  location  0C44  is  the  location  used.  Instruction  on  line  83 
effects  the  storage  of  the  head  data. 

The  program  next  checks  to  determine  whether  the  test  flag  is 
set.  The  test  flag  is  set  by  the  last  interrupt  of  the  process 
phase  when  it  computes  that  IS  seconds  has  elapsed  since  the  last 
head  test.  If  this  flag  is  set  the  effect  of  program  lines  87 
to  94  is  to  set  the  output  port  4  with  FIRE  •  1,  INHIBIT  ■  1, 
HEAD  TEST  •  1.  This  is  copied  from  the  output  status  register, 
however  the  true  status  register  does  not  have  FIRE  ■  1  and 
INHIBIT  -  1  because  the  real  condition  is  that  a  fire  does  not 
exist  the  output  is  only  as  a  response  to  a  test  condition. 

At  this  time  the  internal  flags  register  is  also  copied  to  R4(l). 

The  head  test  output  at  *1'  causes  the  emitters  at  the  detectors 
to  fire  such  that  during  this  gather  phase  a  large  number  of 
pulses  is  input  to  memory  allowing  the  fire  program  to  verify 
quality  of  heads. 

The  fire  and  inhibit  line  outputs  at  '1'  level  allows  the  cutput 
relay  to  operate,  in  fact  due  to  the  speed  of  software  operation, 
a  signal  at  EP4 (NOT) input  will  change  state  and  be  verified 
before  the  mechanical  contact  has  time  to  change  over.  The 
result  of  verification  is  to  immediately  set  inhibit  and  fire 
outputs  back  to  zero. 

Line  96  of  the  program  checks  to  see  whether  the  result  of  the 
output  to  fire  and  inhibit  lines  has  resulted  in  the  feedback 
check  path  to  EF4 (NOT)  changing  state. 

If  the  change  has  occurred  and  the  test  flag  was  set  it  is  res'et 
and  the  fire  and  fault  signals  returnsd  to  zero  (if  a  true  fire 
was  not  existing  at  the  time  the  test  was  performed).  To  verify 
this,  reference  is  made  to  the  true  status  register,  operation  of 
this  conditional  reset  is  documented  between  lines  183  and  198. 

The  EP4(NOT)  line  will  also  be  indicating  a  fire  condition  at  the 
output  if  a  true  fire  exists  or  if  the  opposite  processor  is 
conducting  a  test  on  the  output  circuit,  these  conditions  ace 
tested  between  lines  172  and  182.  If  the  conditions  are  met  then 
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program  operation  continues  at  line  99,  otherwise  the  EP4  (NOT) 
line  has  been  raised  in  response  to  a  hardware  circuit  failure 
and  the  side  is  shut  down  by  entering  a  fault  code  and  branching 
to  LACHFL. 

If  the  condition  at  line  96  is  such  that  no  return  signal  at 
EF4 (NOT)  has  been  received  then  this  is  conditional  on  whether  a 
test  had  been  initiated.  If  the  test  had  not  been  initiated, 
then  no  high  signal  would  be  expected  and  program  continues  at 
line  99.  If  however  a  test  had  been  initiated  and  no  response 
has  occurred,  several  reasons  exist  for  this.  They  are  that  the 
fault  output  is  set,  and  because  in  the  hardware  of  the  common 
logic  card  fault  over  rides  fire,  no  return  confirmation  wi/1 
occur.  Or  because  the  second  sides  inhibit  line  is  raised. 
Failure  to  meet  these  conditins  indicates  that  the  lack  of 
response  to  the  test  is  a  function  of  hardware  failure  and  a 
fault  is  issued  via  the  LACHFL  routine.  If  the  conditions  are 
met  operation  contines  at  line  99. 

At  line  99  the  interrupt  timer,  which  controls  the  duration  of 
the  time  share  period  is  decremented. 

At  line  104  it  is  determined  whether  the  time  ahare  line  is  high 
or  low  and  program  divides  accordingly. 

3.4.2  Gather  Phase  Program 

If  at  line  104  time  share  is  low  the  gather  phase  program 
starting  at  line  107  is  executed.  The  head  data  stored  at  OC44 
is  processed  in  the  manner  described  in  section  3  of  Appendix  A-l 
such  that  the  FOURS,  TWOS  and  ONES  COUNT  is  generated,  this  is 
peformed  (lines  108  to  129)  in  such  a  way  that  when  all  three 
registers  are  full  no  overflow  occurs. 

FOURS,  TWOS  and  ONES  data  is  stored  at  locations  OC40,  OC41  and 
OC4  2. 

The  data  so  stored  can  represent  up  to  a  maximum  of  7  counts  in 
one  gather  phase,  i.e.  if  bit  0  of  each  location  is  set  to  a  '1' 
the  head  1  has  gathered  a  minimum  of  7  strikes  in  the  gather 
phase.  At  each  occurrence  of  the  interrupt  program  during  the 
gather  phase  the  three  locations  are  updated  according  to  the 
latest  data  available  from  the  heads. 

On  completion  of  the  head  data  processing  the  program 
determines  whether  the  gather  phase  is  complete  by  looking  at  the 
count  in  the  interrupt  timer  counter  (line  131).  If  the  count 
has  reached  D'13*  then  the  number  of  interrupts  since  the  start 
of  the  gather  phase  has  been  200  (the  interrupt  counter  was  ^ 
initially  set  to  D'213').  As  each  interrupt  is  832  microseca 
apart  it  follows  that  the  total  length  of  the  gather  phase  is  832 
x  200  microsecs  ie  166.4  m3. 

If  the  count  has  not  decremented  to  D'13’  program  returns  to 
background  operation. 
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If  the  gather  phase  is  complete,  operation  determines  firstly 
whether  the  completed  phase  was  one  where  a  head  test  was  carried 
out,  i.e.  with  emitter  struck.  The  head  test  line  of  the  output 
register  is  looked  at  (line  133  to  137)  if  high  the  last  phase 
was  a  head  test. 

Program  operation  then  verifies  whether  the  emitter  circuit  has 
fired,  this  is  carried  out  by  observing  the  EP3 (NOT)  status. 

Two  conditions  then  exist,  if  the  head  test  was  requested,  the 
EF3  (NOT)  line  should  give  a  positive  verification,  program 
execution  jumps  to  line  148  and  the  £F3 (NOT)  line  is  checked.  If 
the  verification  shows  that  the  emitters  had  not  received  a 
strike  initiating  voltage  a  fault  code  is  loaded  and  a  jump  to 
the  LACHFL  routine  occurs.  This  is  necessary  as  the  system  would 
otherwise  be  unaware  of  the  status  of  heads  (lines  164  and  165). 
If  the  flag  line  shows  that  emitters  do  have  a  strike  voltage 
applied,  the  head  teat  line  (and  the  GSE  2  line  which  mimics  it) 
is  reset  at  line  157. 

A  short  delay  of  approximately  160  micro  secs  is  then  initiated 
at  line  159.  When  this  times  out  a  further  check  is  carried  out 
to  determine  whether  the  emitters  ha-  ->  cleared  in  response  to 
line  1S7.  The  delay  is  necessary  to  ensure  that  head  circuit 
capacitance  does  not  influence  the  result  of  the  test  at  line  161 
where  again  the  emitter  voltage  is  examined,  if  for  any  reason 
(i.e.  a  hardware  failure)  the  emitter  voltage  remains  high  a 
fault  identity  is  loaded  and  a  jump  to  the  LACHFL  routine  occurs. 

If  no  head  test  was  requested  during  the  last  gather  phase, 
program  continues  at  line  138  at  which  the  emitter  line 
EF3  (NOT)  is  checked.  Program  expects  to  find  that  the  emitter 
line  voltage  is  low,  however  if  the  flag  indicates  that  it  is 
high  (due  to  a  hardware  failure)  then  a  fault  identity  is  loaded 
and  a  jump  to  the  LACHFL  routine  occurs. 

Program  operation  has  now  reached  line  140  at  which  the 
interrupt  timer  is  reloaded  to  a  count  of  213  ready  for  timing  of 
the  next  process  phase.  The  time  share  output  (and  GSEl  output 
which  mimics  it)  is  reset  to  zero  such  that  the  heads  are  taken 
off  line  ready  for  the  process  phase  (lines  142  to  145). 

Before  returning  to  the  background  program,  the  fire  program 
flag  ia  set  (bit  0  of  memory  location  0C25),  this  enables  the 
background  program  to  pass  control  to  the  fire  program  as 
explained  in  Section  3.3. 

Exit  from  the  interrupt  program  commences  at  line  66  where  the 
statuses  0,  OP,  and  T  are  recalled  from  the  stack  and  reloaded 
appropriately  ready  for  the  return  to  the  program  that  was 
interrupted  (at  line  71). 


r,? 


The  process  phase  program  starts  at  line  66  of  the  listing 
titled  "Process  Phase  Interrupt  Program” 

The  primary  function  of  this  program  segment  is  to  perform  and 
monitor  timing  functions  of  the  system.  The  program  ensures 
that  the  duration  of  the  process  phase  is  correct  and  monitors 
the  second  side  to  ensure  that  it  is  effecting  correct  timing  of 
the  gather  phase. 

At  line  66  the  first  check  is  to  determine  whether  the  second 
side  is  functional,  this  is  executed  by  checking  the  internal 
flags  register  which  has  previously  been  duplicated  to  register 
4. 


3.4. 3.1  Process  Phase  Operation  for  a  Currently  Fault  Free 
System  A 

The  program  contines  at  line  70  and  commences  to  carry  out 
timing  checks  on  the  second  sides  time  share  output. 

The  gathering  and  processing  sides  will  both  be  decrementing 
their  respective  interrupt  times  at  the  rate  of  one  per 
interrupt  event.  When  the  gather  side  decrements  to  a  "ount  of 
13,  at  which  stage  it  changes  its  time  share  output  from  *1'  to 
'O',  the  process  phase  interrupt  timer  should  also  contain 
approximately  13,  errors  will  exist  due  to  component  tolerances. 
If  the  process  phase  timer  decrements  to  zero  before  the  gather 
phase  time  share  changes  from  *1'  to  a  'O'  state,  then  the  timing 
is  sufficiently  in  error  for  the  side  acting  in  process  mode  to 
effect  the  shut  down  of  the  second  side. 

Program  at  line  70  checks  to  determine  whether  the  interrupt 
timer  has  reached  0,  if  it  has  program  jumps  to  line  192. 

The  internal  flags  register  is  checked  to  see  if  the  second  side 
is  already  inhibited,  if  not  it  up  dates  the. register  and  loads 
an  inhibit  flag  to  the  true  status  register  (line  196).  An  error 
code  is  then  loaded  to  the  location  (OC1D)  defining  the  reason 
for  a  second  side  shut  down  and  the  time  at  which  the  event  took 
place  is  copied  from  the  main  timer  counter  to  locations  OC1B  and 
OC1C  (lines  197  to  203). 

The  output  register  at  OC23  is  then  copied  with  an  inhibit  flag 
which  is  subsequently  output  to  hardware  at  the  next  entry  to  the 
interrupt  program  (line  204  and  205).  A  jump  to  the  program 
segment  which  is  functional  only  at  the  completion  of  the  process 
phase  then  occurs  (Section  3.4. 3.3.) 

If  the  interrupt  timer  has  not  decremented  to  zero  the  time  share 
status  of  the  second  side  is  checked  to  determine  whether  it  has 
changed  to  a  zero. 


If  a  change  of  the  second  side  from  a  gather  to  a  process  phase 


is  indicated,  program  continues  at  the  segment  which  is 
functional  at  the  completion  of  the  process  phase  (section 
3. 4. 3. 3.) 

If  no  change  of  the  second  side  from  gather  to  process  is 
indicated,  program  continues  by  handing  control  to  the  DMA 
program  explained  in  section  3.4.4. 

On  return  from  the  DMA  program  the  interrupt  program  is 
exited  via  the  status  restoration  path  explained  in  section 
3.4.2. 


3. 4. 3. 2. Process  Phase  Operation  for  a  faulty  System  A  or  a 
System  B 

Ope r a c i on  in  the  process  phase  is  identical  for  a  faulty  second 
side  and  a  system  B.  In  both  cases  at  some  time  previously  bit  4 
of  the  internal  flags  register  has  been  set  high.  The  result  of 
the  test  at  line  68  is  then  to  cause  program  to  jump  to  line 
188. 

When  one  processor  side  is  off  (or  not  included  as  the  system  B 
case)  timing  control  is  effected  by  the  good  side.  To  perform 
this  the  interrupt  timing  register  is  checked  to  determine  if 
the  process  phase  is  completed  (line  189).  Time  out  occurs 
similarly  to  the  gather  phase  when  the  register  has  decremented 
to  D'  1 3 ' .  If  time  out  has  not  occurred,  program  control 
returns  to  the  background  program  via  the  exit  route  which 
reinstates  saved  conditions.  If  the  time  out  has  occurred  a  jump 
at  line  190  to  line  75  is  effected. 

3 . 4 . 3 . 3  Program  Operation  at  Completion  of  the  Process  Phase 

After  the  last  interrupt  has  occurred  in  the  process  phase,  l.e. 
when  the  interrupt  timer  has  decremented  to  D'13',  program  will 
be  routed  to  the  listing  from  line  75. 

The  first  step  is  to  set  the  time  share  output  to  a  '1'  (and  to 
set  its  mimic  GSE  1),  this  is  performed  between  lines  75  and  80 
where  the  new  data  is  first  copied  to  the  output  address  register 
before  being  output  to  hardware. 

The  interrupt  timer  is  then  r e- in i t ial ized  to  a  count  of  214 
ready  for  the  next  gather  phase. 

Lines  S3  to  96  process  bit  3  of  location  OC25,  the  RAM  check 
status  bit.  This  bit  will  periodically  be  set  to  '1*  by  the 
successful  completion  of  all  RAM  memory  locations.  The  bit  is 
transferred,  by  masking,  to  bit  3  of  the  location  involved  in  DMA 
transfer  i.e.  OC22.  At  the  same  time  the  flag  at  bit  3  of  OC25 
is  reset  such  that  another  successful  RAM  check  will  re  issue  the 
flag . 

Lines  98  to  100  then  reset  the  head  test  and  fault  status  bits  of 
the  output  register  to  zero,  new  data  is  then  copied  in  at  the 
commencement  of  the  next  interrupt. 


The  condition  of  the  fault  and  fire  buttons  ace  then  tested  to 
determine  if  a  test  is  requested.  The  button  status'  are  input 
at  line  103  and  masked  to  eliminate  unwanted  data  on  this  input 
port,  the  result  is  stored  at  R5  (1).  The  fault  flag  is  then 
copied  into  the  flags  register  end  the  output  register.  Operation 
(between  lines  107  and  120}  is  such  that  if  the  button  was 
previously  depressed  and  is  now  clear  the  flag  and  output 
register  condition  is  clesred. 

Line  121  to  131  perform  the  same  function  for  the  fire  button, 
the  flags  register  and  the  output  register  is  set  or  reset 
accordingly.  However  in  this  instance  the  fire  button  results  in 
raising  the  head  test  bit  of  the  output  address  register  to  a 
*1'.  This  in  turn  causes  the  emitters  to  be  active  on  all 
subsequent  gather  phases  while  the  fire  button  is  being 
depressed.  The  result  therefore  is  that  a  fire  condition  is 
initiated  at  the  CWU  as  a  result  of  the  emitter  stimulus.  In 
this  way  a  test  of  the  system  logic  is  performed. 

In  the  case  of  the  fault  test  the  fault  lamp  being  illuminated  at 
the  CWU  is  only  a  check  on  common  logic  hardware. 

When  the  fire  test  button  is  pressed,  the  time  of  depression  is 
logged  in  memory  locations  OClE  and  OC)F  by  copying  the  main 
timer  content.  This  is  carried  out  such  that  GS£  can  compute 
event  times  with  respect  to  the  time  that  the  fire  test  button  is 
depressed.  With  the  pilot  directive  that  the  *b#clafe  t!  .'**  of 
the  fire  teat  must  be  recorded  during  pre-flight  checks,  a  met 
of  relating  events  during  flight  to  real  time  exists. 

Line  143  then  effects  the  output  Of  fault  line  and  head  test  line 
requirements  according  to  the  demands  of  the  test  buttons. 

At  line  144  the  memory  location  which  contains  the  ROM  check 
timer  is  decremented  and  checked  to  determine  whether  it  is  zero. 
This  function  acts  as  a  check  on  the  second  side  and  is  a  race 
against  the  successful  completion  of  the  ROM  check.  For  example 
side  1  v,  ill  perform  a  ROM  check  every  12  time  share  periods  at 
the  end  of  which  a  flag  is  DMA  transferred  to  side  2  to  state 
that  t>e  test  has  been  completed.  On  receipt  the  fire  program 
resets  the  ROM  timer  to  a  high  value.  If  the  timer  times  out 
before  :he  next  receipt  a  fault  is  indicated  implying  that  side  1 
has  not  completed  the  test  in  the  time  specified. 

At  line  149,  if  the  ROM  timer  has  decremented  to  zero,  program 
jumps  to  line  209  where  a  check  to  determine  whether  the  second 
side  Is  already  logged  as  faulty  is  carried  out.  If  not  lines  210 
to  218  outputs  an  inhibit  to  the  output  and  true  status  registers 
and  stores  a  fault  code  and  time  of  fault  at  locations  OC1B  to 
OC1D.  If  the  fault  condition  is  new  or  not,  program  continues 
at  1  i n 219  where  the  inhibit  condition  is  stored  in  the  output 
register  for  subsequent  output  at  the  next  entry  to  the  interrupt 
program . 


A  similar  procedure  to  the  ROM  check  race  is  used  to  check  that 
the  second  side  is  performing  a  head  test  every  IS  seconds. 

The  counter  at  location  0£29  is  decremented  at  the  completion  of 
the  process  phase.  If  it  times  out  before  the  occurrence  of  the 
second  side's  head  test  a  fault  condition  is  initiated.  When 
the  second  sides  head  test  is  performed  the  DMA  status 
transmitted  reflects  this  and  the  fire  program  reinitializes 
the  counter  (see  Section  3. 3. 2. 2) 

Line  150  to  153  decrements  the  16  second  counter  and  checks  for 
zero  content.  If  the  count  is  zero  a  jump  to  line  223  occurs.  A 
check  is  carried  out  to  determine  if  a  fault  has  previously  been 
initialized  by  this  route,  if  not  flags  are  set  at  bit  4  of  the 
internal  flags  register  and  bit  3  of  the  true  status  register. 
An  error  code  and  time  of  error  is  then  loaded  to  locations  OC1B 
to  OC ID  (lines  226  -  234).  At  line  235,  if  the  fault  condition 
is  new  or  not  an  inhibit  bit  is  loaded  to  the  output  register. 

Program  next  jumps  to  line  154  at  which  the  timer  responsible 
for  setting  a  head  test  at  15  second  periods  is  decremented.  The 
timer  (at  location  OC28)  is  then  checked  for  zero  content. 

If  the  timer  has  timed  out  at  line  158  the  timer  is  reset  to  its 
initial  value. 

The  main  timer  is  then  incremented  at  lines  158  to  166  taking 
into  account  the  fact  that  the  counter  is  two  locations  wide  and 
incrementing  the  high  byte  if  overflow  from  the  low  byte  occurs. 

Note  that  the  main  timer  is  incremented  once  every  15  seconds 
thus  all  data  events  are  recorded  against  15  second  markers. 

At  lines  167  to  177,  to  prepare  the  next  gather  phase  for  a  head 
test,  bit  2  of  the  internal  flags  register,  the  head  test  bit  is 
set.  The  output  register  head  test  bit  and  its  mimic  GSE  2  is 
also  set  to  '1'. 

The  internal  flags  register  test  flag  (bit  6)  is  then  set  to  1 
at  line  178  to  182.  The  new  output  register  status  is  then 
output  at  line  184  causing  hardware  to  pass  a  high  voltage  to  the 
emitters . 

At  line  185  whether  the  15  second  period  was  completed  or  not,  R6 
is  loaded  with  requirements  of  the  DMA  program  (section 
3.4.4.).  The  process  phase  is  completed  by  returning  to  the 
background  program  via  the  exit  routine  at  line  66  of  the 
gather  phase  program  where  saved  conditions  are  reinstated. 

3.4.4  DMA  Program 

The  DMA  program  takes  data  from  memory  locations  OC20  and  OC22 
and  transfers  it  out  serially  via  bit  'O'  of  the  output  port. 


The  required  sequence  of  events  is  to  set  or  reset  bit  'O' 
according  to  the  data  bit  being  transmitted.  An  output 
instruction  to  port  1  which  acts  as  a  clock  pulse  effects  data 
latch  into,  and  initiates  DMA  operation  of  the  second  aide.  The 
cycle  repeats  until  all  data  is  transmitted.  Each  data  bit  is 
transmitted  twice,  the  two  memory  locations  OC20  and  OC22  are 
reset  as  the  transmission  occurs. 

Only  one  DMA  operation  occurs  on  each  event  of  the  process  phase 
of  the  interrupt  program,  since  16  data  bits  are  transmitted 
twice,  32  interrupts  occur  after  Q  is  set  by  the  fire  program 
before  all  data  is  transferred. 


On  entry  to  the  DMA  subroutine  which  occurs  during  each  pass 
through  the  process  phase,  the  status  of  the  Q  bit  is  first 
checked.  DMA  transfer  will  only  occur  if  the  Q  bit  is  set,  as 
dictated  by  the  Fire  program  (section  3.5)  if  not  set,  control 
returns  to  the  calling  program  . 


Register  R6,  previously  set  at  the  last  pass  through  the  process 
phase  to  H'0110',  is  used  to  determine  whether  the  data  bit  is 
being  transmitted  for  the  first  or  second  time  and  to  count  the 
number  of  bits  transmitted.  Bit  'O'  of  R6(l)  is  at  *1'  if  the 
bit  being  transmitted  is  first  pass  and  at  'O'  if  second  pass  Bit 
4  of  R6(l)  is  used  to  indicate  if  both  bytes  have  been  transfered 
Because  16  transfers  per  data  byte  occurs,  R6(0)  is  initially  set 
at  H  *10'  and  is  used  to  determine  when  all  bits  have  been 
transfered  twice. 


When  Q  becomes  set  by  the  fire  program  ,  the  DMA  program  which 
samples  the  Q  line  at  each  pass,  through  the  process  phase, 
proceeds  to  line  16.  At  this  point  R8  is  set  to  be  used  as 
pointer  no  the  output  register  and  two  locations  from  which  data 
is  to  be  output  (OC23,  OC22,  and  0C2O  respectively). 

At  first  entry,  R6{1)  bit  0  is  at  *1*  and  program  continues  at 
line  20  where  R6(l)  bit  0  is  reset.  At  line  22  and  23  bit  0,  the 
data  transfer  port  of  the  output  register,  is  cleared  to  *0*  and 
at  lines  24  and  25  the  low  bit  of  location  OC22  is  copied  to  the 
output  register. 

Program  steps  26  and  27  then  output  the  data  bit  which  is 
subsequently  clocked  into  the  second  side  by  an  output 
instruction  to  port  x.  Decrementing  R6(0)  at  line  28  indicates 
that  one  transfer  of  the  current  byte  at  OC22  has  taken  place. 
With  R6  (0 )  now  at  H  'OP'  program  jumps  to  the  exit  segment  of 
the  interrupt  program. 

On  the  next  entry  to  the  DMA  program  bit  'O'  of  R6(l)  is  now 
zero  and  from  line  19  program  jumps  to  line  42.  At  this  point 
R6(l)  bit  'O'  is  reset  to  '1'  and  the  data  at  OC22  is  shifted 
such  that  the  next  bit  for  transfer  is  now  resident  at  bit  'O' 
position. 


The  branch  from  line  46  to  26  now  initiates  the  second  transfer 
of  the  first  bit  which  is  still  stored  at  bit  0  of  the  output 
port.  Register  R6  is  decremented  before  exit  from  the  interrupt 
program  occurs. 

At  the  third  and  fourth  entry  to  the  DMA  program  the  second  bit 
of  location  OC22  is  output.  This  is  repeated  until  all  bits  of 
OC22  have  been  transferred,  at  this  time  when  the  test  at  line  30 
occurs  R6  (0)  is  zero.  A  check  at  line  31  determines  if  both 
bytfes  have  been  transferred.  If  bit  4  of  R6(l)  is  low  as  at  this 
time  it  is  set  to  a  '1*  along  with  bit  'O'  of  R6  (1),  R6  (0)  is 
re-initialized  to  enable  the  next  16  data  transfers  to  be  counted 
(lines  33  to  3S). 

The  memory  location  now  to  be  transferred  serially  out  is  OC20, 
this  is  first  moved  to  OC22  from  which  the  transfer  will  occur, 
(lines  36  and  3  7). 

Subsequent  entries  to  the  DMA  program  cause  the  second  data 
byte  to  be  output  in  similar  manner  as  the  first  until  at  line  30 
the  test  again  shows  that  R6(0)  is  zero.  As  this  pass  the  test 
at  line  32  shows  that  both  data  bytes  have  been  output  and 
program  jumps  to  line  39,  at  which  R6  is  re-initial j.zed  and  the 
Q  output  reset  such  that  no  further  DMA  activity  can  occur.  T;»e 
DMA  program  exit  then  occurs,  and  all  subsequent  entries  cause 
no  data  transfer  until  the  next  fire  program  issues  Q  *  1. 

3.5.  Fire  Program 

The  main  function  of  the  fire  program  is  to  process  head  data 
obtained  from  the  last  gather  phase  of  the  interrupt  program 
resulting  in  the  indication  of  fire  or  fault  conditions. 

Data  may  be  fire  data  or  data  indicating  the  status  of  heads  if 
the  last  gather  phase  was  coincident  with  a  head  test. 

The  supplied  data  is  processed  as  per  the  requirements  of  Volume 
I ,  Section  4  . 

The  general  method  by  which  this  data  is  processed  is  outlined  in 
Appendix  A-l. 

Subordinate  functions  carried  out  by  the  fire  program  are; 

a)  Recording  the  time  at  which  a  fire  event 
occurred. 

b)  Recording  the  adjacency  area  in  which  the 
fire  condition  occurred. 

c)  Recording  the  time  at  which  the  fire  reset 
occurred . 
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d, 

Recording  the  time  at  which  heads  fail  to 

respond  to  head  teats. 

- 

e) 

Recording  how  close  the  system  comes 

to 

ic 

indicating  a  fire  condition  in  terms 

of  the 

r- 

number  of  successive  gates  filled  by 

4  or 

more  pulses. 

f) 

Recording  the  number  of  fire  events. 

Prftgrsit  listing  for  fire  program  is  carried  out  in  level  2 
assembler  a  language  peculiar  to  RCA.  A  summary  of  commands  are 
contained  in  Appendix  A-4. 

Fire  program  listing  is  split  into  three  segments  named  UNPACK, 
renew  and  FSET.  These  three  programs  call  up  three 
subroutines,  ADJPR,  ADJSET  and  HEADS. 

3.5.1.  Program  Segment  UNPACK 

The  program  execution  is  dependant  on  whether  the  system  is 
running  as  a  System  A  or  System  B.  (Note  System  A  operation  with 
a  failed  side  is  effectivley  a  System  B) 

Upon  entry  to  the  program  access  to  the  internal  flags  register 
at  OC25  and  detemines  whether  the  second  side  is  functional. 

3.  5. 1.1.  UNPACK  With  Both  Sides  Functional 

If  both  sides  are  functioning  correctly. 

If  data  has  been  passed  from  the  second  side  during  the  last 
gather  phase  then  the  register  RO,  used  as  the  pointer  for  DMA 
data  should  be  sec  to  OCFF,  this  is  checked  by  the  program  .  If 
incorrect  data  has  not  been  correctly  received  and  a  fault 
identity  is  loaded.  Two  reasons  for  this  exist! 

Firstly,  due  to  some  failure  of  the  receiving  processor,  the 
second  may  have  initiated  an  innibit.  Program  looks  at  the 
status  oi  its  E FI  (NOT)  flag,  if  set  ( —  *  1 ' )  then  the  second 
processor  has  initiated  a  side  shut  down.  As  a  result  a  branch 
to  the  fault  latch  routine  (LACHFL)  occurs. 

If  EFl(NOT)  »  0  no  inhibit  has  occurred  and  due  to  failure  to 
send  data  the  second  side  is  inhibited  by  jumping  to  program  at 
NYOFF1.  Program  route  in  UNPACK  is  followed  fpr  a  failed  side 
and  is  discussed  in  Section  3. 5. 1.2. 

At  line  90,  the  data  pointer  (RO)  is  reset  to  OCDP  ready  to 
receive  data  at  the  next  gather  phase  via  DMA  activity. 

Program  operation  then  checks  that  received  data  is  via  the  two 
separate  input  channels  of  the  logic  card  DMA  circuitry.  This  it 
docs  by  checking  the  port  identity  bit  of  the  received  data 
(referred  to  aa  X  bit  on  flow  diagram). 


The  check  is  carried  out  on  memory  locations  OCDF  and  OCEO.  Data 
at  location  OCDf  should  be  as  a  result  of  one  DMA  port,  data  at 
OCEO  should  be  as  a  result  of  the  second  DMA  port.  The  hardware 
is  wired  such  that  the  port  identity  bit  is  'O'  at  one  input  port 
and  at  '1*  on  the  second.  The  logic  check  at  line  95  compares 
the  two  bits.  If  different,  operation  continues  at  label  PS2.  If 
incorrect  a  fault  label  is  loaded  and  program  executes  a  self 
shut  down  by  LACHFL  routine. 

Further  checks  on  received  DMA  data  are  carried  out  on  the  parity 
bits  which  are  transmitted  prior  to  any  good  data.  Low  bits  of 
OCDF,  OCEO,  OCE1  and  GCC2  should  be  0,0, 1,1  respectively.  Lines 
101  and  102  check  for  this  compliance,  failure  causes  program 
to  pass  to  NYOFF1. 

It  is  also  essential  to  prove  the  hardwire  linking  configuration 
of  the  DMA  ports  which  identify  the  adjacency  set  information  to 
the  program.  It  was  essential  to  use  two  porta  in  the  design 
such  that  verification  could  be  achieved.  This  check  is  carried 
out  at  lines  105  to  111  by  comparing  memory  locations  OCDF  and 
OCEO  after  inputed  data  and  port  identity  has  been  masked  off. 
The  master/slave  bit  setting  is  also  included  in  the  check. 
Incorrect  configuration  results  in  a  fault  identity  loading  and 
jump  to  LACHFL  routine. 

Because  of  the  need  to  include  at  the  DMA  ports  a  port  identity 
bit  it  became  necessary  to  eliminate  one  of  the  adjacency  bits. 
Referring  to  the  adjacency  table  of  Section  9  of  the  report  in 
Appendix  A-l,  it  can  be  seen  that  by  utilizing  the  4th  order  bit 
only  two  adjacency  set  configurations  are  lost.  However,  it  was 
evident  that  the  set  identified  by  111111XX  is  desirable  as  this 
is  the  only  case  when  a  single  headed  system  can  be  implemented. 
The  second  lost  configuration  identified  by  011111XX  is 
effectivley  duplicated  by  the  configurtion  110100XX. 

Since  without  the  fourth  identity  bit  it  is  possible  to  identify 
the  case  11111  as  being  unique,  the  proqram  checks  for  this 
condition.  To  preserve  the  adjacency  program  written  for  6  bits 
the  5  bit  jar.j  is  converted  to  6  bit1?  before  being  stored  to 
m r  j  location  OCD7.  Lines  113  to  120  check  for  the  fourth 
-'-dec  case  and  store  the  configuration  da t>  t<*  the  appropriate 
location . 

The  DMA  received  data  from  side  2,  at  locations  1;  .  t'  to  OCFE  is 
only  contained  in  the  lowest  order  bit  of  ech  byte.  It  is  then 
nocessary  to  unpack  the  status  byte  and  the  byte  (H ')  containing 
either  head  data  or  the  byte  (W)  containing  the  head  test  data. 
Note  that  the  dash  notation  refers  to  the  data  received  from  the 
second  microprocessor  to  distinguish  it  from  that  of  the  prime. 

Lines  122  to  142  unpacks  this  data  and  reconfigures  it  to  two 
single  bytes.  Unpacked  data  is  stored  at  scratch  pad  locations 
OCB8  and  OCB9. 


3. 5. 1.2.  UNPACK  With  One  Side  Faulty 
(Or  System  B  operation} 

The  jump  to  program  label  NYOPP1  occur*  due  to  a  detected 
failure.  Program  at  line  214  logs  the  status  of  the  second 
processor  at  Its  internal  flags  register  (bit  4  of  OC25).  Also 
true  status  and  output  status  registers  OC23  and  OC24  are  updated 

with  inhibit  flags  set  at  bit  3  position. 

% 

Because  program  still  requires  the  aircraft  configuration  data 
at  the  two  DMA  ports,  it  must  "bootstrap”  this  information  into 
memory.  The  hardware  allows  this  to  be  effected  by  executing  an 
OUT  2  instruction  as  described  in  Section  2. 2. 2. 3.6.  The 
configuration  is  inputed  twice  allowing  delays  such  that  data  is 
transferred  correctly  (lines  221  to  224). 

Program  execution  then  checks  for  correct  port  identity, 
correct  duplication  of  configuration  bytes  and  checks  for  fourth 
order  adjacency  bit  before  storing  the  data,  in  similar  manner  to 
that  of  Section  3. 3. 1.1. 

If  correct  data  is  not  received  from  the  second  processor,  the 
register  containing  W,X',y',  as  described  in  Section  10  of 
Appendix  A-l  .  must  be  set  to  zero  to  ensure  correct 
operation  of  the  fire  program.  The  H’  register  must  also  be  set 
to  an  all  faulty  status.  This  operation  is  effected  betwoen 
lines  250  and  254. 

Subroutine  H£ADS  is  then  called.  This  processes  received  head 
condition  data. 


3.5.2.  Program  Segment  RENE., 


The  main  function  of  this  program  segment  is  to  update  all 
registers  associated  with  computation  of  fire  conditions  or  all 
registers  associated  with  head  status  dependant  on  whether  the 
last  gather  phase  gathered  fire  data  or  was  a  head  test. 


program  operation  commences  with  a  check  on  whether  the  second 
processor  is  successfully  carrying  out  its  own  check  on  ROM 
content.  The  result  of  a  successful  check  by  the  second 
processor  is  to  initialize  a  flag  bit  in  its  status  register 
which  is  subsequently  transferred  across  by  DMA  Activity.  Lines 
156  to  165  determine  whether  the  status  bit  has  previously  been 
set  by  the  second  processor.  If  yes,  the  countdown  ROM  timer  is 
preset  to  its  initial  count  down  value. 


Further  operation  is  dependant  on  whether  received  DMA  data  was 
W'  or  H '  type.  This  is  checked  at  lines  166  to  169  by  obsecvirg 
bit  3  of  the  received  status  byte  which  is  'O'  if  W*  and  '1'  if 
H'  gather  function. 


3. 5. 2.1.  RENEW  if  W  Type  Data 


If  the  received  date  (now  unpacked  and  reaident  at  scratch  pad 
location  OCB8)  ia  fire  data,  the  registers  W',X'  and  Y*  oust  be 
updated.  This  operation  is  carried  out  after  the  jump  from  line 
169  to  NYOFF4  at  line  196. 

W'  X1  and  Y*  information  is  contained  at  location  OCCC,  OCCO  and 
OCCE  respectively.  This  data  has  to  be  shifted  such  that  the 

last  gather  phase  W'  moves  to  X'  etc.  i.e.  W*  --->  X',  X' - >  Y* 

and  Y*  is  lost.  This  function  is  performed  by  lines  196  to  202. 

3. 5. 2. 2.  RENEW  if  H‘  Type 

If  the  received  data  was  H1  type,  program  continues  at  line 
173.  Firstly,  it  acknowledges  the  receipt  of  H'  data  by 
presetting  the  counter  at  OC29  to  its  initial  down  count  value 
(line  174  to  176). 

The  H*  data  is  then  processed  by  the  ADJPR  subroutine  described 
in  Section  3.5.3. 6.3.  and  then  by  subroutine  HEADS. 

At  this  point  whether  the  system  is  A  or  B  type  all  H*  and  w' 
data  has  been  correctly  processed  according  to  the  requirements 
of  Appendix  A-l. 

Program  action  now  concentrates  on  processing  data  from  the 
last  gather  phase  of  its  own  side  i.e.  on  W  and  H  type  data. 
NYOFFS  at  line  262  is  the  point  from  which  this  is  carried  out. 

Again  dependant  on  whether  data  is  W  or  H  type  two  different 
routes  are  taken.  The  sides  own  internal  flags  register  is 
interrogated  to  determine  this  at  lines  263  to  264.  The  data 
about  to  be  processed  is  that  contained  at  the  FOURS  register 
location  (0C40). 

3. 5. 2. 3.  REi „W  if  W  Types 

The  fire  register  F  at  OCD4  determines  whether  a  tire  is  to  be 
set.  If  a  fire  condition  is  existing,  the  fire  indication 
remaining  on  ia  dependant  on  whether  the  new  data  received  is 
such  that  at  least  two  pulses  per  gate  are  being  received  as  per 
the  requirement  stated  in  Volume  I.  Therefore,  a  fire  condition 
for  a  head  remains  if  the  logic  condition  F  AND  2's  or  4s  is 
satisfied.  This  result  is  stored  for  DMA  transfer  to  the  second 
side  at  location  OC20  (to  be  received  by  side  2  as  W‘ 
information)  and  as  W  information. 

Similarly,  to  W'  data,  W  is  processed  by  updating  registers 
containing  X,Y  and  Z  data  (as  defined  in  Section  10  of  Appendix 
A*  1.  ) 


Registers  W,  X,Y  and  Z  are  at  locations  OCCF,  OCDl,  OCD2  and  OCD3 
respectively . 


Data  W  moves  to  X  etc.,  i.e.  W-->X,  X-->Y,  Y-->Z  and  Z  is  lost. 
The  above  processing  is  carried  out  at  lines  327  to  340. 

3. 5. 2. 4.  RENEW  if  H  Type 

If  the  last  gather  phase  for  its  own  side  was  a  head  test,  H  is 
processed  according  to  program  starting  at  line  277. 
Initially,  a  check  is  carried  out  to  determine  whether  the  new 
he'ad  status  data  H  has  differed  from  the  previous  H  data 
(obtained  IS  seconds  previously). 

The  previous  head  status  data  is  stored  at  location  OCC7  and  is 
termed  HO.  It  determines  whether  a  change  of  status  has  occurred 
when  logic  operation  of  lines  279  to  283  are  performed.  If  the 
status  has  changed  the  new  status  is  loaded  to  location  OCC7  and 
the  time  of  this  change  is  logged  at  OCCS  and  OCC6  by  copying  the 
main  timer  value  to  these  registers.  In  this  way  the  time  of  the 
last  head  failure  can  be  identified. 

The  H  data  is  also  stored  at  OC20  for  subsequent  DMA  transfer 
(see  lines  290  and  291). 

H  data  is  subsequently  processed  by  subroutines  ADJPR  and  HEADS 
and  ADJSET  described  in  Sections  3 .5 .3 . 7.3  . .  3.  S  .3 . 7 .2  . , 
and  3. 5. 3. 7.1.  according  to  lines  292  to  315. 

The  check  sum  figure  generated  through  the  ADJSET  subroutine  is 
then  checked  against  the  previously  stored  checksum  at  OCD2.  If 
the  new  check  sum  differs  according  to  lines  317  to  322  a  fault 
code  is  generated  and  program  jumps  to  L4CHPL. 

At  the  completion  of  the  caps  segment  of  the  program  a  flag  is 
set  to  allow  the  process  phase  of  the  interrrupt  program  to 
transfer  data  by  DMA  activity.  The  flag  set  is  by  raising  the  Q 
line  output  high  and  is  performed  at  such  a  time  that  all  data  to 
be  transferred  has  been  loaded  to  locations  OC20  and  OC22. 

3.5.3.  Program  Segment  FSET 

The  main  function  of  this  section  of  the  fire  program  is  to 
calculate  whether  a  fire  condition  should  be  set  or  reset 
according  to  all  the  data  available. 

Data  logging  functions  are  also  performed. 

Program  FSET  commences  at  line  356. 

3.5. 3.1.  W  COUNT  Register 

The  initial  operation  performed  by  FSET  is  to  update  the  memory 
location  OCC3  and  OCC4,  termed  the  W  count  register.  This 
register  acts  as  a  counter  to  store  all  occasions  when  a  head  has 
registered  four  or  more  head  strikes  in  one  time  share  period. 


Each  bit  of  the  W  register  indicates  if  a  particular  head  has 
received  4  or  more  strikes  in  the  last  gather  phase.  F or  each 
'1'  level  in  the  W  register  the  W  COUNT  register  is  incremented 
unless  that  is  it  is  already  full,  (corresponding  to 
approximately  65000  gates).  This  incrementing  is  only  performed 
if  the  received  data  is  not  as  a  result  of  a  head  test. 

Program  implementation  of  the  above  is  shown  between  lines  359 
and  384. 

3. 5. 3. 2.  Fire  Level  Logging 


For  a  System  A  a  fire  condition  is  achieved  when  6  consecutive 
gates  (3  on  each  side  of  the  system)  are  filled.  A  record  is  made 
of  how  near  to  this  fire  condition  the  system  gets.  For 
example,  5  consecutive  gates  may  fulfil  the  fire  condition  but 
the  6th  be  clear.  This  is  termed  5th  fire  level.  The  program 
treats  the  6  gates  W  or  Z,X,Y,  and  W',X*  and  Y'  as  a  window,  thus 
if  say  W,Y  and  X*  were  indicating  filled  gates  (with  4  pulses)  a 
3rd  level  fire  condition  is  registered. 

When  a  fire  level  is  detected  the  time  that  the  event  took  place 
along  with  the  head  indicating  the  fire  level  is  recorded. 

This  program  is  skipped  if  the  current  data  being  processed  is 
as  a  result  of  a  head  test. 


Memory  locations  OC51  to  OC55  and  OC66  are  used  as  scratch 
registers  for  this  program  while  locations  OC56  to  OC65 
contain  the  stored  data,  according  to  the  RAM  memory  chart. 
Figure  3-1. 

This  operation  is  fulfilled  by  program  lines  386  to  444. 

3 . 5 . 3 . 3 .  Calculations  of  Fire  Conditions 


Fire  set  and  reset  conditions 
onwards.  With  reference  to 
initially  FL  (termed  in  the 
condition  byte)  is  generated, 
responsible  for  this  function. 


are  calc 
Section 
software 
Program 


ulated  from  line  450 
10  of  Appendix  A-l., 
listing  as  the  reset 
lines  450  to  458  are 


Fire  generation  conditions  according  to  the  logic  of  Section  10 
of  Appendix  A-l.  are  calculated  botween  lines  462  and  502.  This 
results  in  scratch  pad  register  OCB8  containing  all  zeros  if  the 
fire  is  to  be  reset  otherwise  a  fire  condition  is  to  be  set  or 
sustained. 


3. 5. 3. 4.  Fire  Condition  Logging  and  Outputting  to  Hardware 

If  no  fire  condition  is  indicated  the  outputting  program  is 
skipped,  When  a  fire  condition  is  indicated  by  software  the  time 
and  the  adjacency  set  which  caused  the  fire  condition  are  logged. 
The  program  is  arranged  such  that  the  occurence  of  the  first  fire 
and  its  start  time  is  logged  at  locations  OCCO,  OCC 1  and  OCC3. 


The  end  of  the  event  is  recorded  at  locations  OCBD,  OCBE  and 
OCBP.  Thia  procedure  enables  the  duration  of  the  fire  event  to 
be  determined.  To  identify  whether  multiple  fire  eventa  have 
taken  place  the  memory  location  OCBC  is  used  to  store  the  number 
of  fire  events  that  have  occurred.  These  operations  above  are 
carried  out  between  lines  Sll  and  528  of  the  program. 

The  completed  fire,  or  no  fire,  condition  is  then  output  to  port 
4  at  line  535. 

The'-  fire  condition  is  also  saved  at  output  status  and  true  status 
memory  locations. 

3.5. 3.5.  Reverse  Adjacency  Processing 

To  enable  the  head  data  to  be  utilized  in  determining  the  next  P 
register,  the  head  data  which  has  been  adjacency  procesed  has  to 
be  unprocessed.  This  is  performed  as  described  in  Section  11  of 
Appendix  A-l. 

The  reverse  adjacency  processing  is  carried  out  between  lines  547 
and  564. 


3. 5. 3.6.  Housekeeping  and  DMA  RAM  Checks 

At  the  completion  of  the  fire  program  various  resetting  and 
checking  operations  are  carried  out  between  lines  576  and  589. 

The  FOURS,  TWOS  and  ONES  registers  (memory  locations  OC40,  0C41 
and  OC42)  are  reset  to  zero  at  lines  567  and  568.  This  is  to 
enable  correct  operation  of  the  next  gather  phase. 

The  memory  locations  OCDF  to  OCFE  which  receive  DMA  data,  are 
also  exercised  to  prove  their  correct  operation.  This  is  carried 
out  by  loading  a  pattern  of  H'AA*  into  each  location  and  then 
checking  that  this  write  condition  was  successful  This  is 
repeated  with  a  pattern  of  H'55'  tc  prove  that  each  bit  is 
capable  of  being  set  to  '1*  or  'O'.  Pailure  to  respond  correctly 
to  the  tests  results  in  the  loading  of  a  fault  identification  and 
a  branch  to  LACHPL  routine. 

The  DMA  memory  locations  are  then  reset  to  zero  and  the  DMA 
pointer  register  RO  is  set  ready  for  the  next  DMA  transfer. 

Program  operation  then  returns  to  the  background  program,  pointed 
to  by  R3,  at  line  596. 

3. 5. 3. 7.  Subroutines 


3. 5. 3. 7.1.  AD J SET  Subroutine 

This  subroutine  is  used  to  create  the  adjacency  forms  ADJl,  ADJ2, 
ADJ 3  and  ADJ4  as  required  by  sections  5,6,7,  and  8  of  Appendix 
A-l.  These  forms  are  created  from  the  configuration  byte  at 
locations  0CD7  and  stored  at  locations  0CD8,  0CD9,  OCDA  and  OCDB. 


A  checksum  generated  through  the  program  and  is  used  to  check 
that  correct  processing  of  the  configuration  data  has  been 
performed. 

The  ADJSET  subroutine  is  shown  between  lines  602  and  668  of  the 
fire  program. 


3.5_3.7.2.  HEADS  Subroutine 


Thi's  subroutine  is  used  to  determine  whether  the  number  of  heads 
in  the  system  are  sufficient  to  satisfy  the  adjacency  set 
requirements.  If  a  fire  area  has  no  ability  to  detect  fire 
conditions  the  result  of  the  computation  (.NOT.H*)  .AND. (.NOT. H) 
will  be  non  zero.  This  non  zero  result  is  used  to  indicate  a 
fault  condition.  This  fault  condition  is  copied  to  the  true 
status  register  and  output  register.  The  fault  is  then  copied 
to  hardware  by  the  next  interrupt  program.  HEADS  program  is 
performed  between  lines  679  and  706. 

3 . 5 . 3 . 7 . 3 .  Subroutine  ADJPR 

This  subroutine  is  used  to  process  the  received  head  data 
or  H*  /  condensing  the  individual  head  status  into  adjacency 
format.  This  is  performed  in  accordance  with  Section  11  of 
Appendix  A-l. 

Program  operation  is  performed  between  lines  714  and  735. 

3. 5. 3. 7. 4.  Subroutine  LACHFL 

This  subroutine  is  called  by  the  fire  program  and  other 
programs  of  the  system. 

Its  essential  function  is  to  shut  down  its  own  operation.  Entry 
to  the  routine  is  performed  with  the  accumulator  containing  the 
fault  identity  code  of  the  function  calling  the  LACHPL  routine. 

A  list  of  codes  generated  before  entry  to  the  LACHFL  routine  are 
documented  in  Figure  3-3. 

The  routine  saves  this  error  code  at  location  OCB5  along  with  the 
time  (related  to  the  main  program  timer)  that  the  failure 
occurred  at  locations  OCB3  and  OCB4. 

The  interrupt  routine  is  disabled  on  entry  to  the  program. 

Output  code  H'42'  is  passed  to  output  port  4  before  going  into  a 
loop,  effectively  stopping  program  operation.  Thie  output  code 
raises  the  hardware  GSE2  line  high  and  issues  s  fault  line  high 
to  the  common  logic  circuit. 

Program  operation  is  performed  between  lines  747  and  766. 
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FAULT  IDENTITIES 


Self  Shut  Down  Mods  t 


Identity  Description 


01 

02 

03 

04 

OS 

20 

24 

25 
28 

29 

30 
A7 
01 
F9 
FP 


Ho  return  path  from  o/p  relay 

Faulty  common  logic  (alarm  return  permanently  high) 

No  emitter  operation  (or  return  path) 

Permanent  emitter  operation  (or  return  path) 

Mo  emitter  reset  when  reset  by  program 

Error  at  RAM  check 

Bad  DMA  ROM  check 

Different  Paths  Check 

No  good  paths 

X  bits  of  two  DMA  ports  not  different 
Left  configuration  different  from  right  configuration 
Being  inhibited  by  opposite  side 
Bad  sum  check  byte 

X  bits  of  two  DMA  ports  not  different 
Fault  at  ROM  check. 


Opposite  side  shut  down  model 
Identity  Description 

80  Opposide  side  time  share  did  not  set  at  initilization 

81  Opposite  side  time  share  time  out  incorrect 

82  Opposite  side  not  confirmed  ROM  check  complete 

83  Opposite  side  not  confirmed  15  second  head  test 


FIGURE  3-3  FAULT  IDENTITIES 
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The  GSE  program  acta  interactively  with  external  ground  support 
equipment  which  ia  detailed  in  a  separate  report. 

The  GSE  program  is  entered  if  at  start  up  the  GSE  4  input  line 
on  port  3  is  found  to  be  at  '1'  at  line  18  of  the  initialization 
program.  The  three  GSE  inputs#  1,  2  and  3  then  determine  which 
program  is  to  be  run.  With  three  inputs  eight  programs  are 
available. 

Programs  written  in  the  system  software  are  headed: 

1)  Idle 

2)  Output  Data 

3)  RAM  Retention  Part  A 

4)  RAM  Retention  Part  B 

5)  Common  Logic  Check 

6)  ROM  Test 

7)  ROM  Test  and  Reset 

8)  Board  Test  Routine 

On  entry  to  the  GSE  program  the  status  of  port  3  is  input  and 
all  unwanted  bits  masked  off  such  that  only  the  three  inputs,  GSE 
1#  2  and  3  are  remaining  (lines  IS  to  17).  A  series  of  tests 
between  lines  18  and  26  then  determine  which  test  is  to  be  run 
according  to  the  setting  of  GSE  inputs  1#  2  and  3. 

Completion  of  each  test  requested  of  the  CCU  results  is 
confirmation  by  appropriately  setting  the  GSE  1  and  2  output 
lines.  This  enables  the  connected  ground  support  equipment  to 
determine  if  the  test  has  been  passed  or  failed. 


3.6.1 


Idle  Program 


The  idle  routine  has  no  specific  function  to  perform,  it  is 
merely  a  convenient  state  to  leave  the  system  in  when  no  function 
is  being  performed.  Program  operation  starts  at  line  27.  At 
line  28  the  GSE  1  and  2  output  lines  are  both  set  high  by  an 
output  instruction.  Program  then  runs  into  a  loop  at  line  29. 


3.6.2 


Output  Data  Program 


This  program  is  responsible  for  transmitting  out  the  contents 
of  the  RAM  memory  for  analysis  by  the  GSE.  All  memory  locations 
are  transmitted  in  ASCII  format  at  a  rate  of  300  baud. 


The  program  from  line  61  uses  two  subroutines#  a  delay  routine 
called  DELAY  and  a  routine  called  out  which  outputs  ASCII 
characters  via  the  Q  line  which  acts  as  the  serial  output  port. 


Re 2 er  6  acts  as  s  pel:*.i*.-  to  n*rt  msmory  fcoa  which  data  is  to 
be  output.  This  is  initialized  to  OCOO  at  lines  61  to  65.  Start 
addresses  of  the  two  subroutines  ace  then  loaded  to  registers  8 
and  9  at  lines  67  to  70. 

The  computer  card  in  the  ground  support  equipment  expects  to  see 
a  string  of  characters  which  define  where  the  following  data  is 
to  be  loaded.  The  string  IM4400  is  a  statement  that  the  memory 
contents  of  the  CCU  are  to  be  stored  from  a  starting  address  of 
4400. 

Lines  71  to  79  load  sequentially  the  above  string  in  ASCII 
equivalent,  by  executing  the  OUT  subroutine  the  character  is 
transmitted  on  the  Q  line. 

Lines  80  to  82  cause  a  space  character  to  be  transmitted  24 
times,  this  causes  the  printer  of  the  GSB  to  be  set  correctly  to 
print  the  data  as  it  is  transmitted  simultaneous  with  its  storage 
to  memory. 

Program  between  lines  83  and  107  cause  each  CCU  RAM  memory 
byte,  starting  as  address  OCOO,  to  be  converted  into  ASCII  format 
and  transmitted. 

A  carriage  return  character  is  then  transmitted,  this  is 
recognized  by  the  GSE  computer  card  as  the  conclusion  of  data 
transfer. 

The  GSE  1  line  is  raised  to  a  *1*  indicating  that  the  program 
sequence  has  been  completed  (line  111)  and  a  loop  function  is 
executed  at  line  112. 

3. 6.2.1  Subroutines  of  Data  Program 

The  ASCII  characters,  output  at  300  baud,  consist  of  a  high  level 
start  bit,  7  data  bits,  an  even  parity  bit  and  two  stop  bits. 
This  requires  that  each  bit  be  held  high  or  low  on  the  0  line  for 
3ms.  The  delay  subroutine  at  lines  144  to  148  executes  a  3ms 
delay  before  returning  to  the  calling  program. 

On  entry  to  the  OUT  subroutine,  at  line  115,  registers  are 
initialized  R3(Q)  acts  as  a  bit  counter.  The  Q  line  is  set  for 
3ms,  this  is  the  start  bit.  At  line  121  a  check  is  carried  out 
to  determine  if  all  data  bits  of  the  ASCII  character  have  been 
transmitted.  If  not,  the  next  bit  is  shifted  into  the  carry 
register  (lines  122  to  124)  and  dependant  on  the  bit  being  'O'  or 
'1*  the  Q  output  la  reset  or  set  and  the  3ms  delay  activated. 
Mote  that  at  line  126,  register  1  is  incremented  if  the  next  data 
bit  is  a  '1'.  This  register  acts  to  accumulate  of  the  number  of 
•I'm'  transmitted. 
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When  the  test  at  line  121  determines  that  all  bits  have  been 
transmitted  program  jo’jps  to  line  131,  at  which  R1  is  Used  to 
recall  if  an  odd  or  even  number  of  'l"s  have  been  transmitted 
(lines  131  to  133). 

If  ever  the  Q  line  is  set,  if  odd,  the  Q  line  is  reset  and  the 
3ms  delay  is  initiated,  thus  performing  parity  transmission. 

Two  stop  bits  (zero's)  are  then  transmitted  by  resetting  Q  and 
executing  two  3ms  delays  (lines  138  to  140). 

Control  then  returns  to  the  calling  program. 

3.6.3  RAM  Retention  Program  (Part  K) 

This  program  is  designed  to  run  in  conjunction  with  Part  B 
(Section  3.6.4).  Its  function  is  to  set  up  a  data  pattern  in 
memory  which  is  checked  by  Part  B.  The  mode  of  use  is  to  set  the 
data  pattern  and  subsequently  switch  system  power  off.  On  power 
up  Part  B  then  checks  if  the  data  pattern  has  correctly  been 
saved  by  the  battery  back  up  and  its  associated  control  hardware. 

Part  A  serves  to  set  the  data  pattern  H'001  at  location  OCOO 
H ' 01 '  at  location  OC01  etc.  up  to  H'FF'  at  location  OCFP. 

Program  execution  starts  at  line-30  and  is  completed  by  setting 
GSE  1  output  to  a  *1'  level  at  line  35  before  entering  a  loop  at 
line  36. 

3.6.4  ram  Retention  Program  (Part  B) 

This  program  serves  to  check  the  bit  pattern  set  in  memory  by 
Part  A  (Section  3.6.3).  It  does  so  by  adding  all  memory  location 
contents  together  (disregarding  overflow)  the  resultant  figure  is 
then  checked  against  a  checksum. 

Program  execution  starts  at  line  37.  Lines  40  to  42  get  and 
add  all  memory  data  bytes  together  storing  the  accumulated  figure 
at  R6 (0 ) .  When  all  bytes  have  been  added,  the  result  is  compared 
with  the  checksum  at  line  44. 

If  the  check  is  good  (i.e.  the  memory  pattern  is  the  same  as  that 
set  by  the  program  of  section  3.6.5)  both  GSE  1  and  2  output 
lines  are  set  to  '1'  before  a  loop  is  executed  at  line  48. 

If  the  check  shows  an  error,  only  the  GSE  1  output  line  is  set  to 
a  '1'  (line  49)  before  a  loop  is  executed. 

3.6.5  Common  Logic  Program 

The  common  logic  program  acts  in  conjunction  with  the  ground 
support  equipment  to  test  the  logic  block  of  the  common  logic 
card.  The  test  is  designed  to  flex  the  fire  and  inhibit  lines 


individually  such  that  it  can  ba  proved  that  in  normal  operation 
a  fire  condition  is  only  indicated  when  both  sides  set  their 
respective  outputs.  The  output  conditions  on  GSS  1  and  2  lines 
enable  GSE  to  determine  what  part  of  the  common  logic  program 
is  being  executed. 

At  program  entry,  a  bootstrap  operation  on  the  DMA  port  is 
carried  out  to  access  the  master/slave  bit.  At  line  10,  if  the 
side  is  slave,  execution  of  a  2  second  delay  occurs  at  lines  21 
and  22. 

If  the  side  is  master,  the  following  sequence  of  events  takes 
place. 

1)  issue  a  time  share,  fire  and  GSE  2  output  to  port  4  (line 

11)  and  execute  a  delay  for  400ms  (lines  12  and  13). 

2)  Reset  fire  and  GSE  2  outputs  and  set  inhibit  and 
GSE  1  outputs  (line  14)  and  execute  a  400  ms  time 
dealy  (lines  16  and  17). 

3)  Reset  inhibit  and  time  share  lines,  and  set  GSE  1 
and  2  outputs  (line  18)  then  execute  a  loop  at 
line  19. 


If  the  side  was  slave,  after  the  completion  of  the  two  second 
time  delay  (line  23)  the  master  sides  time  share  t  is  repeatedly 
sampled  until  it  is  reset  after  execution  of  the  above  steps 
(lines  22  and  23).  When  this  occurs  the  slave  side  also  executes 
the  sequence  of  steps  1,  2  and  3. 

3.6.6  ROM  Check  Program 

The  ROM  check  program  is  that  run  in  the  backgound  program, 
as  described  in  section  3.3. 

The  ROM  check  set  up  program  sets  data  correctly  for  entry  into 
the  background  program.  The  time  share  bit  of  the  output 
register  must  be  set  to  a  *1*  (line  30  and  31)  because  the 
background  program  will  only  execute  ROM  check  if  the  phase  is 
gather.  Furthermore  it  will  only  carry  out  ROM  check  if  if  the 
interrupt  timer  R5 (0 )  has  a  count  above  H'CO',  therefore  line  32 
stores  H'FF'  to  R5(0).  Entry  to  the  background  program  occurs 
at  1 ine  35. 

3.6.7  Board  Test  Program 

The  board  test  program  listed  from  line  150  of  the  GSE 
program  is  used  to  fault  find  boards  and  does  not  interact  with 
the  ground  support  equipment  or  the  normal  operation  of  the  CCU. 
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4.0  TESTING 
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4 . 1  Functional  Tests 

Functional  testing  of  the  component  parts  of  the  system  was  carried 
out  in  accordance  with  the  following  Graviner  Quality  Control  Data 
Sheets,  which  form  Appendix  No.  B-l  to  this  report. 

Detector  Unit  Types  53522-011  and 

Q.  Data  Sheet  No.  Q.5304.  Issue  A 

Paragraphs  5.2.,  5.2.1.,  5.3.,  5.4.1.,  5.4.2.  and  5.5. 

Applicable  limits,  Type  3  as  paragraph  5.6.  of  0.5304,  appropriate 
at  and  between  the  declared  extremes  of  operating  temperatures. 

Crew  Warning  Unit  Type  53813-202 

Q.  Data  Sheet  No.  Q, 5308  Issue  C 

Paragraphs  4.3.2,  4.3.3.  4.3.4,  4.3.5,  4.3.6,  4.3.7,  4.3.8,  4.3.9 
and  4.8. 

Applicable  limits.  Type  3  as  paragraph  8  of  Q.5308,  appropriate  at 
and  between  the  delcared  extremes  of  operating  temperature. 

System  A,  Control  Onit  Type  53813-203 

Q,  Data  Sheet  No.  0.5309  Issue  A 

Paragraphs  4.1,  4.2.1,  4.2.2,  4.4,  4.5,  4.7.3,  4.7.4,  4.7,5,  4.7.6, 

4. 8. 3.1,  4. 8. 3. 2,  4. 8.6.2,  4.8.6. 3,  4.3.9,  4.8.10,  4.9.2,  4.9.3, 

4.9.4,  4.9.5,  4.10.2,  4.10.3,  4.10.4,  4.10.5,  4,11.3.2,  4.11.3.3, 
4.11.3.5,  4.11.6,  4.11.7.1,  4.12.10.2  and  4.12.10.3. 

Applicable  limits,  Tvpe  3  as  Appendix  1  of  Q.5309,  appropriate  at 
and  between  the  declared  extremes  of  operating  temperature. 

System  B.  Control  Unit  Tvpe  53813-204 

C.  data  Sheet  No.  0.5310  Issue  A 

Paragraphs  4.1,  4.2.:,  4.2.2,  4.4,  4.5,  4.7.3,  4.7.4,  4.8. 3.1, 

4. 8. 6. 2,  4.8.6. 3,  4  .  f. .  4.8.*,  4.9.2,  4.9.3,  4.10.2,  4.10.3, 

4.10.4,  4.10.5,  4  11  ,  ,  4.11.6,  4.11.7.1,  4.12.6.2  and  4.12.6.3. 


Applicable  limits,  Type  3  as  Appendix  1  of  Q.5310,  appropriate  at 
and  between  the  declared  extremes  of  operating  temperature . 

4 . 2  Qualification  Test  Plan 

The  Qualification  Test  Plan  is  incorporated  as  ATS  No.  52,  Issue  5 
which  forms  Appendix  B-2  to  this  report. 

A  separate  test  plan  has  been  formulated  for  Electromagnetic  Inter¬ 
ference  with  is  incorporated  as  Appendix  B-3  to  this  report. 

4 . 3  Qualification  Tests 

4.3.1  Samples  for  Test 

The  following  samples  were  supplied  for  testing: 

Crew  Warning  Unit  Type  53813-202 
Serial  Nos.  100  anv.  101 

Computer  Control  Unit  Type  53813-203 
Serial  Nos.  100  and  101 

Computer  Control  Unit  Type  53813-204 
Serial  Nos .  100  and  101 

Dual  U.V.  Detectors  Type  53522-011 
Serial  Nos  XP1 ,  XP2 .  XP6  and  XP7 

Single  U.V.  Detector  Type  53521-012 
Serial  Nos.  ENV,  XP1 ,  XP2  and  XP5 . 

4.3.2  Approval  Tests 

The  following  tests  only,  of  ATS  No.  52  were  carried  out: 


4. 3. 2.1  Weight  (ATS  52  Para.  4.1.1) 


The  weights  of  a  representative  samnle  of  components  submitted  for 
approval  testing  were  checked  and  recorded  as  follows: 


C.W.U.  Type  53813-202  S/No .  100 
C.C.U.  Type  538)  -203  S/No.  101 

Detector  Type  535°3-011  S/No.  XP2 

S/No.  ZP 7 

Detector  Type  53521-012  S/No.  XP2 


0.581  Kg. 
3.699  Kg. 
0.142  Kg. 
0.156  Kg. 
0.099  Kg. 


t  A 
I 


4. 3.2. 2  Size  (ATS  52  Para.  4.1.2) 


The  dimens^  of  all  samples  submitted  for  approval  testing  was 
checked  a;.  u  the  relevant  drawings  and  were  found  to  be  satis¬ 
factory. 


4.J..2.3  Visual  Examination  (ATS  52  Para.  4.1.3) 

All  samples  submitted  for  approval  testing  were  examined  for 
correctness  of  marking,  workmanship,  visible  defects,  and  were 
found  to  be  satisfactory. 

4. 3. 2. 4  Center  of  Gravity  (ATS  52  Para.  4.1.4) 

The  center  of  Gravity  of  the  following  items  of  equipment  was 
established  using  the  knife  edge  method  and  is  shown  in  Figure 
Nos.  4-1,  4-2,  4-3,  4-4,  and  4-5. 


C.W.U.  Type  53813-202 
C.C.U.  Type  53813-203 
C.C.U.  Type  53813-204 
Detector  Type  53522-011 
Detector  Type  53521-012 


S/No.  101 
S/No.  100 
S/No.  100 
S/No.  XP6 
S/No.  XPi 


4. 3. 2. 5  Voltage  Supplies  (ATS  52  Para.  4.2.1) 

The  component  parts  of  the  system  were  operated  from  power  supplies 
in  accordance  with  MIL-STD  704A,  Equipment  Category  B,  Emergency 
supply  condition. 

A.C.  Voltage  Limits  102  volts  380  Hz  to  124  volts  420  Hz 


D.C.  Voltage  Limits 


16  to  29  volts 


4. 3. 2. 6  Voltage  Transients  (ATS  52  Para.  4.2.1) 

The  effect  of  the  following  voltage  transients  on  the  system  has 
been  established. 


Voltage 

190 

174 

139 

137 


Duration 
0 . 10  second 
0.40  second 
4.00  seconds 
5.00  seconds 


f  a 
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FIGURE  4-2  SYSTEM  A  CONTROL  UNIT  TYPE  53813-203  CENTER  OF  GRAVITY 
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FIGURE  4-4  DETECTOR  UNIT  TYPE  53522-011 
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FIGURE  4-5  DETECTOR  TYPE  53522-012 


Testing  was  carried  out  in  accordance  with  MIL-STD-704A  and  the 
results  of  the  tests  afe  recorded  in  Lucas  Aerospace  Report  No. 
LM80876.  Appendix  5  (AED. ENV. 480550)  which  forms  Appendix  B-3 
to  this  report. 

A. 3. 2. 7  Supply  Interruption  (ATS  52  Para.  4.2.1) 

The  effect  of  Supply  Interruption  to  the  system  has  been  established. 
Testing  was  carried  out  in  accordance  with  MIL-STD-704A  and  the 
results  of  the  tests  are  recorded  in  Lucas  Aerospace  Report  LM  80876 
Appendix  B-3  (AED.ENV  480550). 

4. 3. 2. 8  Insulation  Resistance  (ATS  52  Para.  4.2.2) 

Insulation  Resistance  Tests  were  carried  out  where  necessary  during 
approval  testing  as  follows: 

C.C.U  30  volts  d,c.  between  all  unearthed  terminal  pin  and  case. 
(Leakage  current  not  to  exceed  1.5  uA) 

The  insulation  resistance  measured  at  all  times 
exceeded  20  Megohms. 

C.W.U.  500  volts  d.c.  between  all  unearthed  terminal  pins 
and  case. 

The  insulation  resistance  measured  at  all  times  exceeded 
20  Megohms . 

Detector  Unit.  500  volts  d.c.  between  all  unearthed  terminal  pins 
and  case. 

The  insulation  resistance  measured  at  all  times 
exceeded  20  Megohms. 

4. 3. 2.9  Electromagnetic  Interference  (ATS  52  Para.  4.2.3) 

The  system  has  been  tested  to  comply  with  the  Electromagnetic 
Interference  requirements  of  MIL-STD-461. 

This  work  was  carried  out  by  Lucas  Aerospace  and  the  results  of  the 
tests  are  recorded  in  Lucas  Aerospace  Report  No.  LM  80876  which 
forms  Appendix  B-3  to  this  report. 
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4.3.2.10  Chattering  Relay  Test 


The  following  test  was  carried  out  as  a  requirement  of  General 
Dynamics,  using  the  following  equipment: 

System  'A'  C.C.U.  Type  53813-203  Serial  No.  100 
System  ' B  *  C.C.U.  Type  53813-204  Serial  No.  100 
C.W.U.  Type  53813-207  Serial  No.  100 

and  using  the  test  configuration  as  shown  on  Figure  4-6. 

Transient  Impulse  Susceptibility 

No  change  in  indications,  malfunctions  or  degradation  of  performance 
shall  be  indicated  in  any  equipment  and/or  its  load  when  exposed  to 
an  impulse  type  electromagnetic  field  generated  by  a  type  MS25271 
(or  an  acceptable  equivalent)  when  wired  for  continuous  operation 
with  a  switch  in  series  with  the  positive  side  of  the  line  from  a 
28V  D.C.  power  source.  No.  suppression  components  (shielding,  diodes 
etc.)  shall  be  attached  to  the  relay  or  its  wiring.  The  unshielded 
positive  lead  leaving  the  switch  shall  be  laid  over  three  side  of 
the  test  sample  and  then  connected  to  the  relay.  The  unshielded 
return  lead  from  the  relay  shall  be  taped  to,  and  in  parallel  with, 
input  power  leads,  signal  leads  and  interconnecting  leads.  The 
total  length  of  each  external  wiring  harness  paralleled  with  the 
relay  circuit  shall  not  be  less  than  60  inches.  The  28V  input  shall 
be  reversed  and  the  test  repeated. 

Equipment  Used 

System  cableform  as  used  for  EMC  testing  refer  to  EMC  report  for 
details.  Cableform  wiring  as  per  drawing  Z22004. 

Relay  Type  (NATO  Stock  No.  5945  9?  192) 

Elliot  HF  1201  COO 

Control  Unit  System  A  (53813-203)  Serial  No.  100 
Control  Unit  System  B  (53813-204)  Serial  No.  100 
Crew  Warning  Unit  (53813-202)  Serial  No.  100 

Test  Performed 

The  equipment  was  arranged  as  per  Test  set  up  and  relay  wiring 
diagrams . 
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FIGURE  4-6  CHATTERING  RELAY  TEST  SET-UP 


With  the  system  power  switched  on  the  control  units  were  observed 
to  function  as  per  respective  Q  data  sheets  paragraphs  4.3.1  and 
4.3.2. 

The  chattering  relay  supply  was  switched  on  and  again  paragraphs 
4.3.1  and  4.3.2  of  Q  data  sheet  were  carried  out,  namely 

(1)  Depression  of  fire  push  button  and  observing  that  both  L.ENG 
and  R.EiJG  fire  lamps  operated  correctly. 

(2)  Depression  of  FAIL  IND  Test  button  on  C.W.U.  and  observing  that 
FIRE  DETECT  FAIL  lamps  functioned  correctly.  Correct  operation 
of  GSE1  and  GSE2  lids  on  GSE  control  unit  was  also  observed. 

At  no  time  during  the  test  did  the  system  show  false  indications, 
malfunction  or  become  degraded. 

The  chattering  relay  supply  was  then  switched  off,  the  28V  supply 
reversed  and  the  test  repeated.  Again  no  false  indication,  mal¬ 
function  or  degradation  of  the  system  was  observed. 

Conclusion 

The  system  passed  the  chattering  relay  test. 

4.3.2.11  Response  and  Reset  Time  (ATS  52  Paras.  4.3.2  and  4.3.3) 

System  'A'  comprising,  C.C.U.  Type  53813-203,  S/No.  100,  C.W.U.  Type 
53813-202,  S/No.  101  and  Dual  Detector  Type  53522-011,  S/No.  XP6  was 
subjected  to  Response  and  Reset  Time  test  as  follows: 

The  response  time  of  the  system  was  measured  when  the  detector  was 
exposed  to  a  U.V,  source  at  a  distance  of  four  feet. 

The  reset  time  of  the  system  was  measured  when  the  U.V.  source  was 
removed  from  the  view  of  the  detector. 


Exposure 


Response  Time 


Reset  Time 


1.23  seconds 


0.84  second 


2 


1.25  seconds  0.85  second 


3 


1.28  seconds 


0.95  second 


System  'B'  comprising  C.C.U.  Type  53813-204,  S/No.  100,  C.W.U. 

Type  53813-202,  S/No.  101  and  Single  Detector  Type  53521-012,  S/No. 
ENV  was  subjected  to  the  response  and  reset  time  tests  as  previously 
described  with  the  following  results : 


Exposure 


Response  Time 


Reset  Time 


1 

2 

3 


1.12  seconds 
1.01  seconds 
1.14  seconds 


0.79  second 
0.86  second 
0.87  second 


4.3.2.12  High  Temperature  (ATS  52  Para.  4.4.1) 


System  'A'  comprising  C.C.U.  Type  53813-203,  S/No.  101,  C.W.U.  Type 
53813-202,  S/No.  100  and  Fuel  Detector  Type  53522-011  fitted  with 
fly  leads  (No  Serial  Number)  was  subjected  to  the  high  temperature 
requirements  of  MIL-STD-810C ,  Method  501.1,  Procedure  1  modified  as 
follows : 


Detector  -  24  hours  exposure  to  260°C 

C.W.U.  -  48  hours  exposure  to  71°C 

C.C.U.  -  Not  tested. 

System  response  and  reset  with  the  detector  at  260°C  was  as  follows: 
Exposure  Response  Time  Reset  Time 


1 

2 

3 


1.35  seconds 
1.15  seconds 
1.26  seconds 


0.952  second 
0.832  second 
0.911  second 


The  results  of  functional  tests  conducted  on  the  C.W.U.  at  71°C  are 
recorded  in  Table  No.  1. 


System  'B'  comprising  C.C.U,  Type  53813-204,  S/No.  101,  C.W.U.  Type 
53813-202,  S/No.  100  and  Single  Detector  Type  53521-012  fitted  with 
fly  leads  (No  Serial  Number)  was  subjected  to  the  high  temperature 
requirements  of  MIL-STD- 810C,  Method  501,1,  Procedure  1  modified  as 
follows : 

Detector  -  24  hours  exposure  to  260°C 
C.W.U.  -  As  previously  tested 
C.C.U.  -  Not  tested. 


System  response  and  reset  with  the  detector  at  260°C  was  as  follows 


Exposure 


Response  Time 


Reset  Time 


1.24  seconds 
1.06  seconds 
1.08  seconds 


0.928  second 
0.878  second 
0.870  second 


4.3.2.13  Low  Temperature  (ATS  52  Para.  4.4.2) 

System  'A'  comprising  C.C.U.  Type  53813-203,  S/No. 101,  C.W.U.  Type 
53813-202,  S/No.  101  and  Dual  Detector  Type  53522-011,  S/No.  XP6 
was  subjected  to  the  low  temperature  requirements  of  MIL-STD-fclOC , 
Method  502.1,  Procedure  1  and  was  exposed  to  a  temperature  of  -54°C 
for  a  period  of  24  hours . 

System  response  and  reset  at  -54°C  was  as  follows: 


aosure 


Response  Time 


Reset  Time 


1  1.804  seconds  0.907  second 

2  1.253  seconds  0.908  second 

3  1.183  seconds  0.939  second 


The  results  of  functional  tests  carried  out  on  the  C.W.U.  and  the 
C.C.U.  at  -54°C  are  recorded  in  Table  Nos.  2  and  3  respectively. 


System  'B'  comprising  C.C.U.  Type  53813-204,  S/No.  101,  C.W.U.  Type 
53813-202,  S/No.  101  and  Single  Detector  Type  53521-012,  S/No.  ENV 
was  subjected  to  the  low  temperature  requirements  of  MIL-STD-810C , 
Method  502.1,  Procedure  1  and  was  exposed  to  a  temperature  of  -54°C 
for  a  period  of  24  hours. 

System  response  and  reset  at  -54°C  was  as  follows: 


Exposure 


Response  Time 


Reset  Time 


1  0.842  second  0.774  second 

2  0.861  second  0.752  second 

3  0.494  second  0.879  second 


The  results  of  functional  tests  carried  out  on  the  C.C.U.  at  -54°C 
are  recorded  in  Table  No.  4. 


4.3.2.14  Altitude  (ATS  52  Para.  4.4.4) 


Dual  Detector  Type  53522-011,  Serial  No.  XP6  and  Single  Detector 
Type  53521-012,  Serial  No.  ENV  were  subjected  to  the  altitude  require¬ 
ments  of  MIL-STD-810C,  Method  500.1,  Procedure  1  and  was  exposed  tc 
altitude  pressures  equivalent  to  70,000  feet  (1.33  in  Hg)  and  -1000 
feet  (30.12  in  Hg)  for  periods  of  1  hours  each. 

Throughout  the  test  the  detectors  were  connected  to  their  respective 
C.C.U.  and  C.W.U. 

System  response  and  reset  times  after  the  altitude  test  were  as 
follows : 

Detector  Type  53522-011,  S/No.  X?6 


Exposure 

Response  Time 

Reset  Time 

1 

1.26  seconds 

0.843  second 

2 

1.27  seconds 

0.932  second 

3 

1.26  seconds 

0.791  second 

Detector  Type  53521-012.  S/No.  ENV 


Exposure 

Response  Time 

Reset  Time 

1 

0.95  second 

0.826  second 

2 

0.89  second 

0. 724  second 

3 

0  93  second 

0.664  second 

4.3.2.15  Acceleration  (ATS  52  Para.  4.4.10) 

System  A,  C.C.U.  Type  53813-203,  Serial  No.  100  and  System  B,  C.C.U. 
Type  53813-204  (with  battery  card),  S/No.  100.  C.W.U.  Type  53813-202, 
S/No.  101,  Detector  Type  53522-011,  S/No.  XP6  and  Detector  Type 
53521-012, S/No.  ENV  were  subjected  to  the  acceleration  requirements 
of  MIL-STD- 810C .  Method  513.2,  Procedure  1. 

Acceleration  levels  of  25.5?  were  applied  in  each  of  three  mutually 
perpendicular  planes,  in  both  forward  and  reverse  directions  and  were 
held  for  a  period  of  60  seconds  in  each  direction. 

On  completion  of  acceleration  testing  functional  tests  were  conducted 
in  accordance  with  the  relevant  Q.data  sheet,  the  results  of  which  are 
recorded  in  Tables  No.s  5,  6,  7  and  8  (Appendix  B-6) . 
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4.3.2,16  Vibration  (ATS  52  Para.  4.4.13) 

The  following  items  of  equipment  were  subejcted  to  the  following 
vibration  tests: 

Crew  Warning  Unit 

Crew  Warning  Unit  Type  53813-202,  Serial  No.  101  was  subejcted  to 
a  resonance  search  in  accordance  with  Specification  MIL-STD-810C; 
Method  514.2-2,  Procedure  1;  Curve  J  of  Figure  514.2-2  and  to 
random  vibration  in  accordance  with  Specification  MIL-STD-810C; 
Method  514.2,  Procedure  1A;  Figures  514-2-11A  and  514-2-2A. 

Computer  Control  Unit 

The  units.  Computer  Comtrol  Unit  Type  53813-203,  Serial  No.  100 
(System  A);  Type  53813-204;  Serial  No.  100  (System  B  with  Battery 
Card),  were  subjected  to  a  reeonance  search  in  accordance  with 
Specification  MIL-STD-810C,  Method  514.2.2,  Procedure  1,  Curve  J 
of  Figure  514.2.2;  to  random  vibration  in  accordance  with  Specifi¬ 
cation  MIL-STD-810C,  Method  515.2,  Procedure  1A,  Figures  515-2-11A 
and  514-2-2A. 

Detector  Units 


Detector  Unit  Type  53522-011,  Serial  No.  XP6  and  Detector  Unit  Type 
53521-012,  Serial  No.  ENV  were  subjected  to  a  resonance  search  in 
accordance  with  MIL-STD-810C,  Method  514.2,  Procedure  1,  Curve  G 
of  Figure  514.2-2  and  to  random  vibration  in  accordance  with  MIL- 
STD-810C,  Method  514.2,  Procedure  1A,  Figures  514.2-llA  and  514.2-2A. 

All  items  of  equipment  functioned  satisfactorily  during  and  after 
vibration  testing  and  the  results  of  functional  tests  are  recorded 
in  Table  Nos.  9-20  inclusive  (Appendix  B-6) . 

This  test  work  was  carried  out  by  E.M.I.  Electronics  Limited, 

Feltham,  Middlesex,  and  the  details  of  the  vibration  tests,  including 
equipment  axes,  frequency  ranges,  vibration  levels,  resonance  search 
results,  are  fully  reported  in  E.M.I.  report  No.  ENV  2739  which  forms 
Appendix  B-4  to  this  report. 
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4.3.2.17  Acoustic  Vibration  (ATS  52  Para.  4.4.14) 


Dual  Detectors  Type  53522-011,  S/Nos.  XP1  and  XP7,  Single  Detector 
Type  53521-012,  S/Nos.  XP1  and  XP5  were  subjected  to  the  acoustic 
vibration  requirements  of  MIL-STD-810C,  Method  515.2,  Procedure  1. 

The  units  were  exposed  to  an  overall  sound  pressure  level  of  154  dB 
measured  using  three  Bruel  and  Kjaer  Type  4135  microphones  for  a 
period  of  30  minutes. 

Functional  tests  were  carried  out  before  and  after  testing  and  the 
results  are  recorded  in  Table  No.  21  (Appendix  B-6)  . 

This  test  work  was  carried  out  by  British  Aerospace,  Dynamics  Group, 
Hatfield,  Hertfordshire. 

Report  No.  ETR  2297,  Test  House  Certificate  A.W.  117  which  forms 
Appendix  B-5  to  this  report. 

4.3.2.18  Mechanical  Shock  (ATS  52  Para.  4.4.12) 

C.W.U.  Type  53813-202,  S/No.  101;  System  A.  C.C.U.  Type  53813-203, 
S/No.  100;  System  B  C.C.U.  Type  53813-204,  S/No.  100-  Detector  Unit 
Type  53522-011.  S/No.  XP6  and  Detector  Unit  Type  53521-012,  S/No. 

ENV;  were  subjected  to  the  mechanical  shock  requirements  of  MIL-STD- 
810C,  Method  516.2,  Procedure  1. 

Each  item  of  equipment  was  subjected  to  a  total  of  18  shock  pulses 
of  20. Og  for  a  duration  of  11.0  milliseconds.  Three  (3)  shocks  in 
each  of  3  mutually  perpendicular  planes  in  both  forward  and  reverse 
directions . 

Functional  tests  were  carried  out  after  shock  testing  and  the  results 
are  recorded  in  Table  Nos.  22,  23,  24  and  25  (Appendix  B-6). 

4.3.2.19  Flame  Sensitivity  (ATS  52  Paras.  4.3.2  and  4.3.3) 

System  A,  comprising  C.W.U.  Type  53813-202,  Serial  No.  100;  C.C.U. 
Type  53813-203,  Serial  No.  100  and  Dual  Detector  Type  53522-011 
without  Serial  number  fitted  with  fly  leads  was  subjected  to  the 
flame  sensitivity  test  as  follows: 

The  detector  unit  was  exposed  to  the  radiation  from  a  5"  diameter  pan 
fire  containing  JP-4  aviation  fuel  at  a  distance  of  4  feet. 


e 9 


The  system  indicated  "Fire”  after  exposure  to  the  flame.  The  "Fire" 
indication  continued  when  half  of  the  flame  radiation  was  blocked  from 
view  of  the  detector  and  the  system  indicated  "Fire  Out"  upon  removal 
of  the  fire  radiation  source. 

System  response  and  reset  times  were  measured  at  the  system  supply 
voltage  extremes  with  the  following  results. 

System  A 


System  Supply  16. Ov  D.C. 
Voltages  102v.  380Hz 


29.0v  D.C. 
124v  420  Hz 


Response 

Time 


Reset 

Time 


Response 

Time 


Reset 

Time 


1 . 31  seconds 
1.50  seconds 
1.23  seconds 


0.80  second 
1.04  seconds 
1.57  seconds 


1.256  seconds 
1.117  seconds 
1.111  seconds 


1.41  seconds 
0.90  second 
1.0  second 


System  B,  comprising  C.W.U.  Type  53813-202 .Serial  No.  100;  C.C.U. 
Type  53813-204,  Serial  No.  100  and  Detector  Unit  Type  53521-012 
with  Serial  number  fitted  with  fly  leads,  was  subjected  to  the  flame 
sensitivity  test  as  previously  described  with  the  following  results: 

System  B 


System  Supply  16. Ov  D.C. 
Voltages  102v  380  Hz 


29.0v  D.C. 
124v  420  Hz 


Response 

Time 


Reset 

Time 


Response 

Time 


Reset 

Time 


0.764  second 
0.836  second 
0.856  second 


0.579  second 
0,821  second 
0.776  second 


0.986  second 
0.910  second 
0.876  second 


0.715  second 
0.654  second 
0.751  second 


4.3.2.20  Exposure  to  Flame  (ATS  52  Para.  4.5.3) 

System  A,  comprising  C.W.U.  Type  53813-202,  Serial  No.  100;  C.C.U. 

TYpe  53813-203,  Serial  No.  100;  Detector  Unit  Type  53522-011,  Serial 
No.  XP7 ;  Detector  Unit  Type  53522-011  without  Serial  number  and  filled 
with  fly  leads,  was  subjected  to  the  "Exposure  to  Flame  Test"  as 
follows : 


•*  r 


The  detector  without  serial  number  and  6"  of  wiring  was  immersed 
in  a  6"  x  1100”C  Flame. 


Detector  Serial  Mo.  XP7  was  positioned  so  as  to  detect  the  flame  but 
was  not  immersed  in  it. 

The  6"  x  1100°C  Flame  was  supplied  from  a  burner  as  detailed  in 
Figure  No.  2  of  TSO-C79. 

The  detector  was  immersed  in  the  flame  for  a  period  of  5  minutes. 

The  system  indicated  a  "Fire"  when  exposed  to  the  flame  and  continued 
to  indicate  for  the  entire  5  minutes  exposure. 

After  the  5  minute  exposure  the  flame  was  extinguished  and  the  system 
indicated  "Fire  Out". 

The  nature  of  the  test  did  not  permit  system  response  times  to  be 
recorded . 

System  B,  comprising  C.W.U.  Type  53813-202,  Serial  No.  100;  C.C.U. 

Type  53813-204,  Serial  No.  100;  Detector  Type  53521-012,  Serial  No. 
XP3;  Detector  Type  53521-012,  without  serial  number  and  fitted  with 
fly  leads,  was  subjected  to  the  "Exposure  to  Flame"  test  as  previously 
described . 

The  system  indicated  a  "Fire"  when  exposed  to  the  flame  and  continued 
to  indicate  for  the  entire  5  minute  exposure. 

After  the  5  minute  exposure  the  flame  was  extinguished  and  the  system 
indicated  "Fire  Out". 

It  should  be  noted  that  during  these  tests  a  270  kilohm  resistor  was 
incorporated  into  the  emitter  lines  of  the  detectors  which  were 
immersed  in  the  flame. 
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SUMMARY 

Th«  microprocessor  systems  fire  and  fault  routines  must  allow  for 
odjacency  and  for  the  possibility  of  installations  with  leu  than 
8  pairs  of  heads.  Earlier  proposals  for  the  scope  of  the  system 
were  not  regarded  as  satisfactory  by  General  Dynamics. 

This  report  investigates  the  odjocency  concept  and  describes  a 
particular  package  which  allows  for  4  levels  of  adjacency  and 
for  up  to  7  heads  being  absent .  The  suggested  package  has  been 
designed  to  meet  the  current  and  anticipated  future  requirements 
of  General  Dynamics  and  to  supersede  the  proposals  of  the 
interim  report  (D. 840,  26th  June  1978). 
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The  system  contains  two  microprocessors,  A  and  B,  each 
associated  with  one  side  of  each  pair  of  (up  to  )  8  U.V.  heads 

(numbered  1,  2, . ).  If  there  Is  no  odjaeency,  any  head 

may  "see"  a  fire  (  a  definition  of  "see"  In  this  sense  will  be 
given  later)  and  a  fire  condition  for  pair  1  Is:— 

A)  sees  o  fire  and  B I  sees  a  fire 
or,  briefly,  A1  and  B1 

This  fire  condition  is  reset  when  both  A1  and  Bl  cease  to  declare 
a  fire 

These  rules  are  modified  by  adjacency.  Let  us  declare  the  pairs 
1  and  2  to  be  adjacent.  Then  the  fire  condition  for  this  adjacency 
set  becomes;- 

(  (A1,A2),  taken  together  see  a  fire)  and  (  (Bl,  B2),  taken 
together  see  a  fire). 

and  the  reset  condition  is  that  oil  four  heads  cease  to  declare 
a  fire. 

Having  given  an  explanation  of  adjacency  we  now  slate  some 
axioms. 


a)  Adjacency  is  the  same  for  the  A  and  B  sides  of  the  system . 

If  pairs  1 ,  2  and  6  (say)  form  an  adjacency  set  we  write ^26) 

b)  Adjacency  is  commutative. 


CD  ~  dj) 

c)  Adjacency  of  adjacency  sets  is  equivalent  to  adjacency  of 
their  members. 

(£D  (34))^  (TTTJ) 

Thus  adjacency  is  associative 

(S)<lO><^>  <£23) 
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W«  equate  the  adjacency  Mt  consisting  of  on#  hood  pair  to 
that  pair: 


1 


d) 


Adjoceney  is  not  transitive ,  in  the  sons*  that 

(Q)  ond(Q)  £  (TTB) 


W#  can  therefore  writ#  th#  l#ft  hand  sid#  as 


<539. 


and 


It  is  desirable  not  to  have  transitivity  as  this  #nabl#s  gr#at#r 
design  flexibility. 


n.b.  CfTa)  should  b#  road  as  "1,  2  and  3  form  an  odjacency 
s#t",  not  "1,2  and  3  are  adjac#nf"  .  Th#r#for# 

CEZD  /  Q> 

as  1  and  2  do  not  form  an  adjacency  s#t  without  3, 
although  1  and  2  or#  adjac#nt.  In  this  way  w#  distinguish 
th#  descriptive  property  of  "being  adjacent"  from  the 
definitive  logical  property  of  forming  an  adjacency  set. 


101 


GtaumSB 

LIMITED 

ENGLAND 

TECHNICAL  REPORT 

R.242 

SHT  f 

^ A  WMkinson  Mitch  Com  piny 
fjfr  S«f«ty  top  Protection  Division 

ISSUE 

2. _ DESIGN  PHILOSOPHY 

All  th«  information  determining  the  adjacencies  and  the  number 
of  heads  for  a  particular  aircraft  system  hot  to  bo  hard -wired 
at  6  bits  of  a  byte  (whoto  othor  3  bits  oro  used  for  bit-serial 
data  trontfor  and  matter/tiavo  procottor  initialization).  Wo 
than  have  a  twin  requirement  that  tho  mothod  for  encoding 
this  information  enable*  tho  widest  possible  range  of  configurations 
_  with  tho  least  amount  of  procowing. 

The  design  philosophy  followed  it  tot¬ 
al  Cope  with  absent  hood*  by  making  them  adjacent  to 
existent  heads  in  an  aircraft  configuration,  and  using 
all  6  bits  to  contain  adjacency  information. 

b)  Reconfigure  these  6  bits  into  a  small  number  of  odjocency 
bytes  which  are  combined  with  head  information  using 
logic  and  shift  operations  (avoiding  branches  and  table 
look-up  when  possible)  to  give  fire,  reset  and  fault  conditions. 

c)  Remember  that  when  the  system  Is  used  to  protect  a  single 
area  It  is  preferable  on  reliability  grounds  never  to  have  an 
adjacency  set  consisting  of  a  single  head  pair.  We  could 
then  insist  a  priori  that  every  odjocency  set  consists  of  at 
least  2  pairs,  In  fact 

dD  < O'©  <3 

(which  will  be  termed  "option  PAIR")  and  that  if  one  pair 
(say  4)  is  to  be  lone  this  can  be  achieved  by  omitting  its 
adjacency  partner  (so  8  would  not  exist) 

On  the  other  hand  we  may  require  the  system  to  protect 
two  similar  areas  in  which  case  we  could  insist  that  the 
adjacencies  for  1,  2,  3  and  4  ore  fp^ofd  for  5,  6,  7 
and  8  ,  but  that  none  of  the  first  four  is  adjacent  to  any 
of  the  second  four.  (This  will  be  termed  "Option  SPLIT") 

Of  course,  although  these  options  were  originally  designed  for 
single  area  ond  two  similar  area  systems  respectively,  they  ere 
of  considerable  use  outride  these  applications.  For  the  range 
of  adjacencies  possible  see  the  sections  below. 

One  of  the  6  available  bits  will  be  used  to  choose  between 
options  PAIR  and  SPLIT.  I  Oj 
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(p 

a 


N.8.  i)  Of  court*,  fully  to  use  the  flexibility  and  power  of 
this  adjacency  philosophy  It  Is  necestory  to  adopt 
Intelligent  numbering  methods.  Thus 


(lD 

may  not  be  pouible,  but  re-numbering  8  as  5 
con  achieve  __ 

<o> 


ii)  There  Is  still  the  possibility  of  hord-wl  ring  a  single 
physical  head  pair  into  more  than  one  location  (  to 
create  a  “ghost"). 

Thus: 


can  be  achieved  by  wiring  5  into  both  5  and  4,  and 


using 


CD  6  • 5  J> 


Hardware  requirements  prevent  a  head  being  wired  to 
mote  than  two  lines. 


lii)  As  will  be  seen,  the  above  philosophy  enables 
relatively  straightforward  decodlng/processini)  and 
considerable  flexibility.  We  should  note  thol  the 
adjacency  ceding  itself  has  o  degree  of  redundancy 
(for  example  4  independent  pairs  of  head  pairs  may  be 
configured  as  either  of 

Option  PAIR  -  @  (|3)  (3~~7)  (Q) 

Optl  on  SPLIT  «  (lD  ®  (£>  (3D  ) 

that  its  versatility  increases  dramatically  when  one  or 
more  heeds  are  absent  (as  the  numbering  of  the  misting 
heads  provides  extra  degrees  of  freedom)  and  that  the 
choice  of  an  appropriate  numbering  end  configuration 
for  o  particular  aircraft  is  a  skilled  operation. 


10/' 


LIMITED 

ENGLAND 

TECHNICAL  REPORT 

R.  242 

SHT  7 

m  A  WMfcmton  M«icr  Company 

ftw  Salatv  and  Protection  Dnnuon 

ISSUE  *2 

1 

3.  HEAD  INFORMATION 


(For  eosy  reference  this  and  later  taction*  ora  summarised 
tchamoti colly  of  tha  and  of  this  raport). 

Each  U.V.  tuba  it  capable  whan  energised  of  responding  to 
Incoming  radiation  by  firing.  A  head  firing  causes  the  hood  to 
be  de-energised  for  a  (nominal)  2  ms  recovery  period  and  also 
makes  available  to  the  data  but  a  stretched  pulse  of  (about)  I  ms. 
While  In  its  gathering  phase  the  microprocessor  inspects  the  data 
bus  200  times  at  Intervals  of  832  fit.  Each  stretched  pulse  will 
therefore  be  teen  either  once  or  twice.  A  second  inspection  of 
the  tame  pulse  it  ignored;  three  successive  sightings  (  1  '*  on  the 
data  bus)  must  correspond  to  two  pulses. 

Therefore  the  sequence:  - 

0,  1,  1,  0,  1,  1/  l,  0 

it  processed  (by  setting  to  0  the  second  I  of  a  sequential  pair)  to 

0,  1,  0,  0,  1,  0,  1,  0 


and  to  on. 

The  stretched  pulses  in  one  gathering  phase  may  be  counted. 

If  a  count  of  4  or  more  pulses  per  gathering  phase  it  achieved 
by  any  head  in  an  adjacency  set,  and  this  requirement  it 
satisfied  for  three  successive  gathering  phases,  this  adjacency 
set  is  said  to  Me  a  fins.  (For  a  fire  condition  to  be  Issued  it 
is  necessary  that  at  least  one  odjacency  set  see  a  fire  un  each 
of  the  A  and  B  tides  according  to  all  processors  working).  An 
alternative  definition  of  "seeing  a  fire"  is  given  in  an  appendix. 

If  a  count  of  lets  than  2  pulses  in  a  single  gathering  phase  it 
achieved  a  head  it  said  to  clear.  (For  a  reset  to  be  issued  it  it 
necessary  that  ail  hoods  on  both  of  the  A  and  B  sides  in  all 
previously  fire-condition  adjacency  sett  dear). 

We  wish  to  process  the  Information  for  the  eight  heads  (  1  to  8) 
in  parallel,  and  associate  these  heads  with  the  eight  bits  (  7  to  0) 
of  a  byte,  thut:- 


IC  4 


— :xr>ei p*p 


A  / 
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3  (contd) 
HEADS  1 
7 


BITS 


I 


s 


The  832  intpection  byte  it  processed  at  follows:- 

Intpection  and  (not .  lott  true  impaction)  -*  true  Impaction 
(oltamatlva  equivalent  Boolean  axprattiom  axltt). 

Pulta  counting  it  conducted  uting  "Onat",  "Twos"  and  "Foun" 
ragittart ,  (which  mutt  of  courta  ba  zefoed  at  tha  ttart  of  aoch 
procauing  phota)  and  performing  arithmetic  in  parallel  ihut:- 


True  Impaction  and  Onat 
True  Impaction  Xor  Onat 
Carry-twot  and  Twot 
Corry-twot  Xor  Twot 
Carry-fourt  or  Four* 


Carry  -  two* 
Onat 

Corry  -  four* 

Twot 

Foun 


Thut  at  tha  and  of  a  gathering  period,  tha  Foun  ragittar  hat  a 
1  in  each  pot i. Non  where  a  hood  hat  fired  at  leatt  four  timet. 
We  now  enter  a  procetting  period. 


Thit  tide  alto  hat  an  F  register,  which  at  we  shall  tee  hat  a  1 
in  each  potition  corresponding  to  a  hood  in  an  adjacency  tat, 
which  tet  it  thought  by  Its  processor  to  tee  a  fire.  We  generate 
a  new  regitter,  the  W  register: 


Four  or  (Twot  and  F) 


W 


This  regitter  it  to  ba  mode  available  to  the  other  processor, via  a 
DMA  operation, in  this  form.  Likewise  a  tlmilor  register,  W‘, 
from  the  other  processor  hat  been  received  from  the  other  tide. 
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Another  register,  the  H  register,  contains  a  1  in  each  position 
corresponding  to  a  head  which  passed  the  last  test  and  Is  therefore 
assumed  to  be  working  We  make  this  available  to  the  other  side 
and  have  received  their,  H',  register. 

We  now  apply  adjacency  rules  to  these  registers. 
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ADJACENCY  INFORMATION 


I  propot*  th«  following  configuration  of  the  byt*  containing  the 
adjacency  information  ("configuration"  byte). 


Bit  0 
1 
2 
3 

4,5,6  = 
7 

Data  Bus  Bit  7 

Configuration  byte  I  j  I 


for  bit-serial  data  transfer,  not  hard-wired. 

master/slave  initialization  bit. 

fourth  level  adjocency  bit. 

third  level  adjacency  bit 

second  level  adjacency  bits 

first  level  (OPTION  PAIR  =  I,  SPLIT=  0) 

>  5  4  3  2  1 


At  each  level  of  adjacency  we  consolidate  relevant  data  In  the 
W,  W',  H  and  H*  registers  and  fill  the  cleared  spaces  with  0's 
(W,W')  or  l‘s  (H,  H').  The  processing  is  the  tame  for  the  W  and  W* 
registers,  and  for  the  H  and  H‘  registers. 
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If  OPTION  PAIR  (bit  7  of  configuration  byte  =  l) 

(Wor  4-^qC--  )  and  1111 00002  ->  W 

(H  or  <-  —  )  or  00001 UI2  H 

where  the  superscript  arrow  indicates  a  shift  in  the  direction  shown 
(not  ring  shift) . 


We  can  now  treat  the  two  options  together,  with  the  adjacencies 
for  1,  2,  3  and  4  repeated  for  5,  6,  7  and  8. 
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6.  SECOND  LEVEL  ADJACENCY 


Reconfigure  second  level  adjacency  information  < 


Configuration  and  01 1 10000 

Adi  2  or  i£2"!» 

Adj  2 


Adj  2 
Ad  j  2 


The  upper  and  lower  half-bytes  of  Adj  2  ore  identical  and 
we  describe  only  the  processing  associated  with  the  former. 


A  one  In  a  position  of  Adj  2  states  that  the  corresponding 
heod  is  adjacent  to  the  head  corresponding  to  the  position  on 
the  left,  this 


J 


~~  F  *1 - 

-  1"  -  '  — 

0 

0/1 

0/1 

o/i 

- — 1-  - _ 1 _ 

Indicates  ((^) 

Indicates  (§)■“* 

Indicates^)' 

The  processing  is: 


Repeat 


W  or  (W  and  Adj2  )  and  not  (Adj  2  and  (not  Xdj”2))  W 
H  or  (H  and  Adj  2  )  or  (Adj  2  and  (not  Adj  2)  )  — *  H 


H  now  has  all  ones  except  in  the  first  position  of  an  adjacency 
set  (as  so  far  specified)  none  of  whose  heads  (on  its  side)  are 
working.  W  now  has  ones  In  the  first  position  of  on  adjacency 
set  any  of  whose  heads  (  on  its  tide)  hove  fired  sufficiently  often 
in  the  last  gathering  phase,  ond  in  no  other  position. 
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Third  level  odjacency  may  be  um<1  to  doc  I  or*  the  adjacency 
of  lower  level  adjacency  uh . 

Take: 


Adj  3  =  10001000  if  third  level  adjacency  bit  =  1 

Adj  3  =  00000000  H  "  "  "  "  =  0, 

(i.e.  no  third  level  odjaceney). 


The  processing  it: 

W  or  (  W  and  Adj  3  )  and  not  Adj  3  — >  W 

- ^ 

H  or  (H  and  Adj  3  )  or  Adj  3  — >  H 

Thus  if  we  have  the  second  level  adjacencies 


then  third  level  adjacency  con  give 

(TIP 

the  relevant  data  being  held  in  the  head  2  (bit  6)  position. 

Note  that  third  level  adjocency  should  not  be  used  unleu  the 
indicated  second  level  adjacencies  are  declared.  Failure  to 
observe  this  may  lead  to  a  logical  inconsistency  and  is  forbidden. 
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8.  FOURTH  LEVEL  ADJACENCY 


fy 

£ 


Fourth  level  adjacency  may  be  used  to  declare  the  adjacency 
of  lower  level  adjacency  sett. 

Taker 

Adj  4  s  00100010  If  fourth  level  adjacency  bit  =  1 

Adj  4  *  00000000  . .  "  *  0 

The  processing  it:- 

« - 

W  or  (W  and  Adj  4  )  and  not  Adj  4  — *•  W 

- 

H  or  (H  and  Adj  4  )  or  Adj  4  - >  H 

Declaration  of  fourth  level  adjacency  converts 

<fT§2)  to  (TTTT) 

Fourth  level  adjacency  should  not  be  used  unless  the  Indicated 
lower-order  adjacencies  are  declared.  Failure  to  observe  this 
may  lead  to  a  logical  inconsistency  and  is  forbidden. 
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9  (contd) 

Note  that  none  of  the  above  adjacencies  it  equivalent  to 
(£3  3  4  5  6  7  8 

"  CDOO)7  »  . 

which  were  mentioned  in  the  interim  report  (D.840,  26th. June  1978) 

Alto  note  that  we  have  used  six  configuration  bits  but  only  achieved 
22  configurations,  tome  of  which  are  equivalent. 


It  is  clear  from  the  table  that  this  adjacency  system  enables  us  fully 
to  satisfy  the  current  requirements  of  General  Dynamics  while 
providing  a  wide  clou  of  alternative  adjacency  arrangements  should 
the  ir  requirements  change. 


The  adjacency  system  has  the  further  advantages  of  logical 
straightforwardness  and  of  repetitive  structure  designed  to  enable 
efficient  and  economical  programming. 

The  affect  of  the  adjacency  processing  on  W  and  H  bytes  is  shown 
in  a  table  in  an  appendix  to  this  report. 
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10.  FIRE/FAULT  CONDITIONS 


Th«  H,  H' ,  W  and  W'  bytes  have  now  been  fully  processed  according 
to  the  adjacency  rules.  The  W  register  has  l's  in  positions  where 
heads  of  the  relevant  adjacency  sets  have  fired  the  relevant  number 
of  times  (and  in  no  other  positions).  The  H  register  is  all  l's  except 
in  certain  positions  where  all  heads  in  the  relevant  adjacency  set 
(on  this  side)  are  not  working. 


Therefore:- 


h  or  H'  =  nnnu  *  FF  1o 

unless  all  heads  on  both  sides  in  at  least  one  adjacency  set  are  not 
working,  in  which  case  we  issue  a  fault  condition. 


Under  the  current  hardware  arrangements  a  fault  conditions  overrides 
a  fire  condition,  and  latches.  This  arrangement  may  not  be  optional 
for  future  systems/instaliations,  and  there  are  advantages  in  writing 
the  software  in  such  a  way  as  to  enable  alternatives  to  be  implemented 
in  hardware.  The  fault  processing  is:* 

i)  If  all  the  heads  in  an  adjacency  set  on  both  sides  of  the  system 
are  not  working  o  fault  is  issued  and  this  set  takes  no  furthor 
part  in  deciding  whether  there  is  a  fire.  (It  is  assumed  that  heads 
fail  passive). 

ii)  If  all  the  heods  in  an  adjacency  set  on  one  side  of  the  system  are 
not  working  (or  are  unavailable  because  that  side  is  switched 
off  or  not  present)  then  only  the  remaining  side  is  considered. 

Thus  the  complete  failure  of  an  adjacency  set  issues  a  fault  but 
does  not  inhibit  the  processor  from  issuing  a  fire  condition  from 
other  adjacency  sets,  though  current  hardware  arrangements  prevent 
the  fire  condition  being  sent  to  the  CWU. 


We  combine  the  W  and  H  registers  by:- 
W  or  (not  H)  — *  W 


W'  or  ((not  H')  and  H)  —*  W' 


noting  that  *'  is  is  the  first  tn 
has  differea. 
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10  (contd.) 


We  alto  hav«  aval  labia  the  W  registers  for  the  previous  thro*  periods 
(now  nomad  the  X,  Y  and  Z  registers)  and  alto  the  tlmilar  X*  and 
Y*  (though  not  tha  Z')  registers.  Tha  flra  condition  it  to  be  ittuad 
by  our  microprocettor  when  it  decides  an  adjacency  set  hat  teen  a 
fire,  on  both  tides,  over  the  last  three  periods.  At  the  data  gathering 
periodt  for  the  two  tides  are  interleaved  there  are  of  course  two  ways 
of  choosing  the  three  periodt  concerned,  depending  on  which  tides 
gathering  phase  starts  the  sequence. 

We  ganerate  an  F  (for  fire)  register. 

(W  or  Z)  and  X  and  Y  — F 

If  (F  and  W*  and  X'  and  Y')  +  0 

we  issue  a  fire  condition  for  confirmation  by  the  other  processor,  if 
working.  Note  that  if  this  condition  does  nc  hold  and  a  fire 
condition  was  already  signalled,  we  do  not  rescind  it;  the  reset 
process  is  defined  below . 

To  derive  the  reset  condition  we  use  another  register,  the  FL 
register,  defined  during  the  previous  processing  phase: 

(F)  and  (W  or  W'  or  X  or  X')  — *  FL 

if  the  new  FL  ~  0  we  issue  a  reset. 

The  inclusion  of  X  or  X'  terms  allows  the  fire  condition  to  be 
maintained  if  one  gate  period  is  not  filled,  however  2  consecutive 
empty  gates  will  result  in  a  reset  condition. 

Note  that  we  have  assumed  both  processors  to  be  working  in  the 
above.  If  one  is  switched  off  or  absent,  the  reset  conditio*  is 
altered  in  an  obvious  way. 
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FL  contain*  a  I  for  each  adjacency  set  new  declaring  an  unreset 
fir*  state  according  to  this  processor  tide.  We  now  have  to  reverie 
the  adjacency  processing  and  generate  an  F  register  to  participate 
In  the  count  of  2  or  4  decisions  described  above. 


Fourth  level 
Third  level 
Second  level 
First  level 


FL  or  (Ft  and  Adj  4  )  F 
F  or  (T  and  Adj  3)  -*  F 
F  or  (F  and  Adj  2)  -t  F 
If  OPTION  PAIR,  F  or  -1g£g_»f 


Finally  F  has  a  1  for  each  head  In  an  adjacency  set  seeing  a  fire. 
(As  a  result,  if  a  head  is  in  two  adjacency  sets,  its  firing  count 
requirement  of  2  or  4  will  be  determined  by  either  of  the  adjacency 
sets  seeing  a  fire.  This  crosstalk  only  occurs  when  at  least  one 
side  sees  a  fire,  and  is  morginally  beneficial .) 
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APPENDIX  i 

ALTERNATIVE  DEFINITION  OF  "SEEING"  A  FIRE 


The  decision  to  perform  the  od{acency  processing  on  the  W  and  W'  bytes 
implies  and  is  Implied  by  the  definition  of  "seeing"  a  fire.  We  have 
defined  this  by  adjacency  set/  requiring  that  for  three  successive  gathering 
phases  some  head  (not  necessarily  the  same  one)  fires  4  or  more  times  (on 
each  of  the  A  and  B  sides,  according  to  all  processors  working.)  An 
alternative  and  equally  valid  definition  Is  to  require  the  Mime  head  to  fire 
4  or  more  times  for  three  successive  gathering  phases  on  side  A,  (and 
some  head  to  do  the  same  on  side  B,  though  by  the  adjacency  these  two 
heads  need  not  belong  to  the  same  heod  pair.)  Making  this  definition 
has  implications  for  the  probabilistic  calculations  of  system  reliabilities 
under  different  conditions,  and  for  the  methods  of  in-flight  logging  of 
fire  and  fault  conditions.  The  change  to  the  software  Is  tninlmal  however. 

It  being  necessary  merely  to  perform  the  adjacency  processing  not  on  the 
W  and  W*  bytes  but  on  F  and  F 1 ,  where  these  ore  derived  from  the  unprocessed 
W,  X,  Y,  Z,  W',  X',  V  bytes  as 


(W  or  Z  )  and  X  and  Y  — ♦  f 

W  and  X  and  Y  -y  F’ 
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SOFTWARE  ASSEMBLY  LISTING 
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MiMin 

i 

ii  fi  a  •' 

linn  i*i 

i 

A  fm4 

mill  n 

t 

M|  l  |»|| 

i 

t‘t  it  itp 

ll'IIIM 

t 

ftf.ttr 

M  I  I  ft  |  | 

i 

MflltO 

mimi  ft 

i* 

iii»09 

it  »'i  ft  1 1 

i 

r»ft|i> 

ft  i'll  t  ft 

i 

noit 

OnftO 

t 

fiftrtrt 

i 

ooi  ? 

IMlrt  it 

l 

fin  14 

II V  0 

of»m 

ri^r  ^ 

F*1 

AO)  A 

rtftir 

*-*F«Aj  | 

ft  rtf  ft 

ft  Oj  s. 

n*K 

VI 

ft  A  >  n 

M«.pp 

caffyias 

.t 

ir^i 

mi/  J 

, 

fhFF-'I 

ri  it  >  * 

4 

VCF.it)  i 

•  M»t>4 

i  i«p.i*  " 

F  1  *’•?! 

tm,?^ 

It*.*  4 

p4I 

fll./PA 

* 

-1  » 

it  1 1>  r 

P 

.-•*  1 

It  ft  J”  * 

1  ■"’.•*  . 

p  J 

lilt/  i 

F, 

Hllp  lilll 

•  Ml  Alt 

■»'  fill 

'p  Fh|  t.| 

It  II  1 1 

"'■r<  ■ 

nmF41 

fin  V 

n»  fi« 

1P*1 

no  «•:< 

M*P> 

F*  1  Ump*  1 

tin  >4 

"*-r»p 

FV  0**1 

it  n  *•*. 

.V*  »»l 

it  n  *>»: 

« r»  F  fi 

•  -1 

H  ii  v  .• 

»»r*F  1 

r  ft  up  fi  rt  1 

no 

u'fj 

r  ft  i  fit- 1 

1 1 .  i  VI* 

-’  F  - 

F  S'  t  m«p*  1 

Cl  1  r  4  fl 

m*.pa 

7Ai  fifiP-  fifil 

Mfl4  1 

.■•-FE 

Vf'-n  1  f  p..  | 

nn4£ 

!»•.*  .> 

.1  :  0  - 1 

•  1114  V 

-’FJ 

F»-  •-*? 

nfi44 

M‘*C_ 

-  f  •  1 

*  *  ii  J  *- 

■iTC  ** 

'in  il 

UH4> 

n“r  - 

J 

1.1*47 

Milll  fl 


.  .  ••»♦... p««  ppoc.pawhc «m*»w 

.  .TPAM'HIT*  Tun  .a  PIT  f.HHPFP'  TO  THE 
..  OPP  PPOCF-TOP  rfPlAtLV 
..  MOTE  PATA  ON  LOCATION  nnrif 
..  rnr  papit,  :tati.i:  pata  i:  tpan'iuttep  fip<-t 
..  IHfN  THE  PATA  FPQH  LOCATION  DCiCc'CI 
..  i:  c OP  I  IEP  OH  TO  LOC  nOl'i£  ANP  PATA 
..  ''ILL  iE  TPAH-NITTFP, 

..  each  »jt  hill  fe  tpahchitted  twice 


..  FIHALLV  0  ir  PCSET  TO  INPICATE 
..  the  end  of  pH*  ACTIVITY. 

EV IT»n OAPO 
OPrtnPA.O 
LEHCt  f  vJT 

:ev  pa 

uni  Hi?  plo  pa 

iTHf  PA  AM|»P| 
fC  PEPEAT 
PC*  '-H I  PA 

ANInPF  PM*  PA  PF'ET  PHA  POPT  rpnNTFP 

LpN 

ANIllCF  ‘Tvp 


LP’A  Art  I  ii  >>i 
OP  • TP  P9 
NFfTl  OUT  4 
OUT  I 
PFC  PA 
-'LO  P* 

l  PN*  PIT 

■f  ThI  I  C«H|  P*  AN  I 

fh;  out 

lDIHI 1  PHI  PA 
L  r*  T  u  I  0  PLO  PA 
LPInj-n  Pi  0  P* 
LP-a  tpy 
•  TP  P9 
LFP  E-IT 


..  PE "FT  PHA  E|T  ON  0  P  APPPE 
.  .  "EH  LOCATION 
..OP  PATA  TO  POPT 
.  .  TOC,AL  E  PHA  L  I  NF 


ii  i  n 


. .  pa  .  |  |  OF 


..  cop «■  w  to  r  loc 


0"T|  L  P  I  II  a  I  PHI  PA 

i  Pin  I  ft  PLO  PA 


PFC.  I  pp  F  IT 

PEPFATI  rtHl  PA  OPTnlM  PHI  PA 
PFC  P*  L  PN  P9 
■  HP  TP  PP 


IP 


P*  MFFT 

fmp 


’  F  *  H •  l  .Ms 


/» 


1 


Data  DC.JJOo 

j  c: 
l..".uej  m 


AX  12/07/79 


FL  LOC  COSMAC  CODE 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

0000  P 

0000 
0000 
0000 
0000 
0000 


LNNO  SOURCE  LINE 

1  ..TEMPORARY  SETTING  OF  SYMBOLIC  NAMES 

2  ..DECIMAL  VALUES  FOR  RESET  VALUES 

3  ..OR  ERROR  CODE  NOS 

A  ..HEX  VALUES  ABSOLUTE  ADDRESSES 

5  ..ABOVE  #0C 

6  ..UNPACK 

7  NYVALB«#DF 

8  NYVAL3»NYVAL2*4  ..TO  4TH  DMA  LOCN 

9  NYVAL4»47 

10  ..DECIMAL  VALUE  USEO  TO  RESET 

11  ..16  SEC  (INTERRUPT)  COUNTER 

12  NYERR1 » 40  ..THIS  SIDE 

13  ..BEING  INHIBITED 

14  NYERR2»S0  ..ADJACENCY  BYTES 

15  ..CHECK  ERROR 

16  NYCONFaRF 

17  NYDEPK-RF 

18  NYSCRsRA 

19  NYSTAI aRB 

20  NYCTRaRE 

21  NYMA1 NaR7  ..MAIN  PROGRAM  COUNTER 

22  ..RENEW 

23  NYVALS*#CA  . . .NOT.H * .AND. .NOT.H 

24  NYVAL6a#C0  .  .X* 

25  NYVAL7aNYVAL6*l  ..Y* 

26  NY VAL8»#C 7  ..OLD  H 

27  NYVAL9a#05  ...NOT.H  PROCESSED 

28  NY VALA»#D3  ..F 

29  NYH-RF 

30  NYSUB»R9  ..SUBROUTINES*  COUNTER 

31  NYADJaRE 

32  . . FSET 

33  NYVALB-FC4  ..OLD  W 

34  NYVALC«#CF  . .W 

35  NYVALD«#CC  ..W* 

36  NYVALFa#04  . .H. AND. .NOT.H * 

37  NYVALGa#C2  ..OLD  F.ANO.F* 

38  NYVALJafOB  . .ADJ1 

39  NYWaRF  . .NYW.NYH.NYDEPK.NYCONF 

40  . .ARE  SAME  REGR 

41  ..ADJSET 

42  NY VAL I »#B9  ..TOP  SCRATCH  LOCN 

43  ..LOCNS  F0CB8# #0C89  ARE  SCRATCH 

44  ..USED  TO  MATCH  WITH  INTERRUPT  ROUTINE 

45  NYVAL-FOC  ..UPPER  BYTE  OF  ALL 

46  • .RAM  LOCNS 

47  NYVAL0»#D7  ..LOCN  OF  CONFIG 

48  NYVALKa#25  . .40C25  LOCN  OF  INTERNAL 

49  ..FLAGS  INFO 


-  2 


Data  wheat:  DC*3J06 

iilieet:  16 
I.inua:  A 


AS  12/07/79 


0000 

50 

NYVALN-42A  .  .40C2A  IS  ROM  CHECK  TIMER* 

0000 

51 

• .40C29  IS  16  SEC<I/R>  TIMER 

0000 

52 

NY VALP* 64  ..DECIMAL  ROM  CHECK  RESET  VAC 

0000 

U3 

NY VALQa# 42  ..ONES  COUNT 

0000 

54 

NY VALR»4 40  ..FOURS  COUNT 

0000 

55 

NYVALS-426  ..MAIN  TIMER  ( 1  OF  2  BYTES) 

0000 

56 

NY VALT*#20  . .W/H  DATA  (TO  OMA> 

0000 

57 

NYVALU«#23  ..0/P  BYTE 

0000 

58 

NYVALW-4B5  . .LATCHEO  ERROR  INFO 

0000 

59 

NYVALX»NYVAL0- 1  . . .NOT • H  '  PROCESSED 

0000 

60 

NYVALY»#BC  . .40F  FIRES  LOCN 

0000 

61 

NYVALZaNYVALG-3 

0000 

62 

HVALA»#C4..W  COUNT  HI 

0000 

63 

HVALB»# 54. .COUNT  STACK  LEVEL  4 

0000 

64 

HVALDb#*5. .LEVEL  5  STORE 

0000 

65 

HVALE«#55. .COUNT  STACK  LEVEL  5 

00005 

66 

HVALF»#55 

0000 

67 

HVAL 6»H VALO- 1 6. *  ENO  OF  STORES 

0205 

68 

OR 6  4205 

0205 

• 

69 

0205 

70 

0205 

71 

..UNPACK  ROUTINE*  PART  OF  FIRE  ROUTINE 

0205  F025A0 

72 

NYVALK-aNYSTAl .0 

0208 

73 

..POINTS  TO  INTERNAL  FLA05 

0208  0BFAI0 

74 

tNYSTAI . AND. B *00010000 • 

0208 

75 

..OTHER  PROCESSOR  STATUS 

020B  3 A00 

76 

IF  *>0  00  TO  NY0FF1 

0200 

77 

..SHORT  BRANCH  TO  W ** X • , .NOT.H * 

0200 

78 

..setting  routine 

0200  sbfbff 

79 

R0.0  .XOR .  4FF  ..ZERO  FF  CORRECT  4  01 

0210  3200 

80 

IF-0  GO  TO  PSI 

0212 

81 

....IF  NO  DATA  RECD. » 2CASES 

0212 

SC 

. . . EFa 1 . WE  ARC  INHIBITED 

0212 

83 

...EF»0. WE  MUST  INHBT  OTHER  PRCCSSR 

0212  3C00 

84 

IF  NEFI  GO  TO  NYOFFI 

0214 

55 

. . .HERE  WE  ARE  INHBTO 

02  1  4 

86 

...FATAL  FAULT  FOR  THIS  SIDE 

0214 

87 

. • • LRANCH  TO  LATCFL 

0214 

88 

...WITH  ERROR  CODE  IN  0  REG 

0214  r828C00000 

89 

NYERR 1 ILBR  LACHFL 

0219  F8OFA0 

90 

PSI »NYVAL2-*K0.0 

02 1 C 

91 

...RESETS  DMA  PTR. 

02 ic  fbdfaf 

9? 

NY VAL2*  aNYOEPK  »  0 

02  1  F 

93 

...POINTS  AT  LO  BIT  OF  DMA  DATA 

02  if  ef 

94 

SEX  NYDEPK 

0220  72F3FA04 

95 

•1 .XOR.#. AND. 404 

0224 

96 

...RESULT  *0  IF  2  PORTS 

0224 

97 

....CHECK  BIT  OK  «  DMA  CRECT 

0224  3A00 

98 

I F>0GO  TO  PS2 

022A  F829C00000 

99 

429# LBR  LACHFL 

I  3ir> 


i 


AS  12/07/79 


022E 

2F 

100 

022C 

72763300727X3300 

101 

023  a 

727X3B00727X3B00 

102 

023C 

103 

023C 

I0A 

023C 

F8DFAF 

105 

023F 

F8B9AA  . 

106 

02  42 

72FAFA5A 

107 

0246 

F0FAFA 

108 

0249 

EAF3 

109 

02  AB 

t  10 

02  48 

3200 

1  1  1 

024 D 

F830C00000 

1  12 

0252 

0AFAF8FB88 

1  13 

0257 

1  1  A 

0257 

1  1  5 

0257 

3A00 

1  1  6 

02  59 

F8FC5A 

1  1  7 

02  5C 

F8D7AF 

1  18 

025F 

0AFAFC5F 

1  19 

02X3 

120 

02X3 

F8DFAF 

121 

02XX 

122 

02X6 

123 

02XX 

!24 

02XX 

F808AE 

125 

02X9 

1F4F7X 

126 

02XC 

127 

02XC 

F07X8A2E 

128 

0270 

129 

0270 

8F 

130 

0271 

0273 

3AX9 

1  < 

132 

0273 

133 

0273 

134 

0273 

135 

0273 

2A 

1  36 

0274 

F808AE 

137 

0277 

1FAF76 

138 

027A 

F0  76  5A2E 

139 

027E 

8E 

1  A0 

027F 

3A77 

1  41 

0281 

1  A2 

0281 

143 

0281 

1  AA 

0281 

1  45 

028  1 

1  46 

0281 

1  47 

028  1 

I  48 

0281 

1  49 

l)*ta  DC«? 

lasu 


?X»6  I 

*t:  17  1 

ii»:  A  1 


PS2 » DfC  NYDEPK 

•  f/2*ieor  nyoffi  i#  t  /2  *ibdf  nyoffi 

•  f /2  *»BNF  NYOFFI it ! /2 • JBNF  NYOFFI 
...CHECKS  FOR  0011  ON  LOW 

...A  DMA  REGSCLO  BITS) 

NYVAL2-  aNYDEPK .0 
NYVAL 1 -»NYSCR»0 
A ! .  AND  «B  *  1 1 II 1010  *- >9N Y  SCR 
B.AND.B  Ml  1 1  1010*.  .CLR  OFF  X  BIT  DATA 
SEX  NY5CR) .XOR.t 
...RESULT  0  IF  L*R  CONFIG 
IF  «0  GO  TO  PS3 
430ILBR  LACHFL 

PS3t  9NYSCR. AND. 4F8.X0R.B  *10001000  * 
...CHECK  FOR  ATH  ORDER  ADJ  CASE 
...ZERO  IF  SAME 
IF>0  GO  TO  PSA 
B  *  1  I  1 1  I  100  *-*#NYSCR 
P$AtNYVAL0-*NYDEPK.0 

•NYSCR.AND.#FC-'*NYDEPK 
.. .CONFIG  TO  LOCN 
NY VAL2- »NYDEPK • 0 
..NOW  UNPACK  1ST  STATUS  BYTE 


\ 


\ 


..N.8.  NYDCPK.0  HAS  MAX  VAL  OF  FF 
#08- »NYCTR.0 

NYDKLUINC  NYDEPK J 9NYDEPK !  /2  * 

. .LOADS  PI T  INTO  OF 
#/2  * - >  9NYSCRI DEC  NYCTR 
..TRANSFERS  BIT  J  ’TO  SCRATCH  BYTE 
NYCTR. 0 

IF  >0  GO  TO  NYDKL1 
. .NB**UNPACKED  STATUS  LEFT 
..IN  SCRATCH  LOCN 


*  • 

..NOW  UNPACK  H*/W*  DATA  IN  SAME  WAY 
DEC  NY  SCR  ..POINTS  TO  2ND  SCRATCH  LOCN 
#0g-»NVCTR.0 

NYDKL2IINC  NYDEPKI tNYOEPK I /2  * 
»/2*->*NYSCR»0EC  NYCTR 
NYCTR. 0 

IF  >0  GO  TO  NYOKL2 

..N.B.  NYDEPK.0  HAS  MAX  VALUE  OF  #FF 

..*« 

•  •  •• 

..THIS  COMPLETES  UNPACK  ROUTINE 
..WILL  CONTINUE  IN  FIRE  ROUTINE 
.  .NB  STATUS#  W  * /H  *  INFO  LEFT 
. .IN  SCRATCH 


13  7 


Data  uha«t: 

iihaatJ  18 
lasuat  A 


4  - 


I  2/07/79 


0281 

1  50 

0281 

1  51 

0281 

152 

028 1 

153 

..RENEW  ROUTINE. PART  OF  FIRE  ROUTINE 

026 1 

154 

..FOLLOWS  UNPACK  ROUTINE 

0231 

155 

..AUTHOR  THIS  SECTI ON . .N1 GEL  YOUNG 

0261 

F82AAB 

1  56 

NYVALN-*NYSTA1 .0 

028  a 

1  57 

..POINTS  AT  ROM  CHECK  TIMER 

0284 

1 A  ! 

1  58 

INC  NY SCR  ..TO  POINT  AT  DMA  *0  OVER 

028  5 

1  59 

..STATUS  BYTE 

028  5 

0AFA08 

160 

•NYSCR.AND.B  *00001000  * 

0288 

1  61 

..1  IF  ROM  CHECK  COMPLETED 

0288 

CCF8  40 

162 

LS2  INYVALP 

0288 

163 

..VALUE  MUST  NOT  BE  0 

0288 

CE5B58 

1  64 

LSZJ-*#NYSTA1I->#NYSTA1 

028E 

1  65 

..2ND  INSTRUCTION  IS  DUMMY  FILLER 

028E 

0AFA04 

1  66 

•NY  SCR  .ANO.B  *00000100  * 

029  1 

167 

.  .0  FOR  W*.  1  FOR  H  * 

029  1 

2A 

168 

DEC  NY  SCR  ..TO  POINT  AT  W*/H*  BYTE 

0292 

3200 

169 

IF  *0  GO  TO  NY  OFF  4 

029  4 

170 

029  4 

171 

029  4 

172 

•  •  • 

029  4 

173 

..H*  PROCESSING 

029  4 

28 

174 

DEC  NVSTA1 

0295 

175 

..POINTS  AT  16  SEC  (INTERRUPT)  TIMER 

029  5 

F82F5B 

176 

NYVAL 4-»fNYSTAl  ..RESETS 

0298 

F8D6AF 

177 

NYVALX-*NYH.0  ..POINTS 

029B 

178 

..AT  .NOT .H  *  LOCATION 

029P 

FA 

1  79 

SEX  NY  SCR 

029C 

F800A9 

180 

A . 0( ADJPR  > - *NY  SUB . 0 

029F 

F800F9 

181 

A. 1 < ADJPR) -*NY SUB. 1 

02A2 

09 

182 

SEP  NY  SUB  ..CALLS  ADJPR. RESULT  LEFT  IN 

02A3 

183 

..0  REGR.  NYAOJ  POINTS  TO  .NOT .DONTWOI 

02A3 

EE 

184 

SEX  NYADJ 

02A4 

fpfff2EF73 

185 

.  X0R.4FF  .AND  »•->•*■  *NYH 

02A9 

186 

. .NYH  NOW  X  REGR 

02A9 

187 

. .POINTS  AT  .NOT.H 

02A9 

F800A9 

188 

•  0<  HEADS  > • *NY5UB • 0 

02AC 

F 8 0089 

189 

1 <HEAOS)->NYSUB. 1 

02AF 

09 

1°» 

•  NYSUB  ..CALLS  SUBROUTINE  HEADS 

0280 

191 

HEAD  FAULT  ISSUING  SUBROUTINE 

0280 

C00000 

192 

L8R  NY  OFFS 

02B3 

193 

0283 

194 

.  .  • 

0283 

195 

•  •  • 

0283 

196 

NY0FF4I  ..W*  STORAGE 

0283 

F800AF 

197 

NYVAL6->NYH.0 

02B  A 

FF 

198 

SEX  NYH 

0287 

72732F 

199 

•  !->•-»  DEC  NYH  • • X  *-*  Y  * 

I  v-  ?■ 


**••*'*■ 


p  • 


F 


AS  12/0  7/79 


02BA  72  73 
02PC  0ASF 
F  02BE  C00000 
02C1 
02C1 
02C  I 
020 
020 
020 
020 
020 
020 

#  020 
020 

020  FR2SAR 
02 C4  0BF910SB 
02C8  2B 
02C9  0BF9085B 
02CD  2B 
02CE  0BF9085B 
02D2  E7 

i  0203  F8OFA0 

0206  AF 
0207  6200C4C4 
02OB  6200C4C4 
02EF 
02  OF 
02DF  EF 
02F0  72F3FA04 
02F4 
02E4 

F  02E4  3A00 
F  02E6  FBF9C00000 
02FB  2F 
02EC  Fgp9AA 

02EF  72FAFASA 
02F3  F0F  AFA 
02F6 

02F 6  EAF3 
02F8 

F  02F8  3200  * 

F  02FA  F830C00000 
02FF  0AFAF8FB88 
0304 
0304 

F  0304  3A00 
0306  F8FC5A 
J*  0309  F807AF 

«  030C  0AFAFC5F 

0310  F8CEAFEF 


D«k»  >h*rt:  D0.5X»6 

■jh*et:  19 
I  mui:  A 

-  5  - 


200  ..W’->X* 

201  f  NY  SCR- *§NYH  ..STORE  W* 

202  LBR  NY0FF5 

203  ..***••*•*♦•••*••*•**•******•*••••*♦•••♦* 

204  ..• 

205 

206  NYOFFll 

207  ..DEFAULT  PROCESSING  SETS  W  **X  *#  Y  * »400# 

208  . .. NOT. H'*#FF, RAISES  INHIPIT  LINE*  SO 

209  ..NO  MORE  DMA  DATA  SENT 

210  ..SET  OTHER  PROCESSOR  TO  DEAD 

211  ..ON  INTERNAL  FLAGS*  RAISE 

212  . .INHIBI T  BI T  ON  TRU  AND  0/P  . 

213  ..RAM  LOCATION  ] 

214  NY VALK- »NY5TA I .0  ..INTERNAL  FLAGS  j 

2 1 5  #N YSTA 1 . OR  «B  *000 1 0000  *  - >#NYSTA I  3 

216  DEC  NYSTA1  ..TRU  STATUS 

217  0NYSTA 1 . OR .8 *0000 1  000  *  - ► fNYSTA I  = 

218  DEC  NYSTA!  ..0/P  BYTE  ] 

•  219  #NYSTAI .OR.B *0000 1 000 ‘-*#NYSTA 1  j 

220  SEX  NYMAIN  1 

221  NYVAL2“»R0.0 

222  PLO  NYH  j 

223  OUT  2*  400 1 NOP l NOP  i 

224  OUT  2*  400j NOP I NOP  | 

22*S  ...0/P  TO  GET  A/C  CONFIG 

226  ...NOP  S  FOR  DELAYS 

227  SEX  NYH 

228  •! .XOR.0.AND.F04 

229  ..RESULT  NON  ZERO  IF 

230  ..PORT  CHECK  BITS  OK 

231  I F»0  GO  TO  PS5 

232  4F9/LBR  LACHFL 

233  PS5IDEC  NYH 

234  NYVAL l-»NYSCR.0 

235  §1 .AND. B»1 111  1010 *->«NYSCR 

236  f.AND.B ’I  I  1 1 1010* .. .CLEARS  OFE 

237  ...XBIT/DATA 

238  SEX  NYSCRl.XOR.f 

239  ..RESULT  NON  ZERO  IF  L«R  CONFIG 

240  I F» 0  GO  TO  PS6 

241  F30IL8R  LACHFL 

242  PS 6 1 9NYSCR* AND* #F8 *XOR*B *  10001000  * 

243  ..CHECK  FOR  4TH0RDER  ADJ  CASE 

244  ..ZERO0IF  SAME 

245  I F»0  GO  TO  PS7 

246  B!I 111  1 100*-*#NYSCR 

247  PS7»NYVAL0-*NYH.0 

248  #NYSCR. AND. fFC-i'tNYH.  .CONE  TO  LOCN 

249  NYVAL7-»NYH,0I SEX  NYH 

I  M; 


Data  oh*«t:  DC.  530b 

20 

Ianuo:  A 


12/07/79 


0314 

F8 00737373 

250 

#00- »•->•-*•- 

0319 

F806AF 

251 

NYVALX->NYH.0  .  ..N0T.H*  PROCESSED 

03 1  c 

F8FF73 

2  52 

#rp.>§.  ..NOW  POINTS  AT  .NOT.H 

03  IF 

F800A9 

253 

A • 0 (HEADS  > - >N YSUB. 0 

0322 

F800B9 

254 

A. 1 <HEAD5)-»NYSUB. 1 

0325 

09 

255 

SEP  NYSUB  ..CALLS  SUBROUTINE  HEADS 

0326 

256 

..HEAD  FAULT  ISSUING  SUBROUTINE 

0326 

257 

032* 

2  58 

0326 

2  59 

. . COMPLETES  H  •  #  W  *  PROCESSING/STORING 

0326 

260 

«  .« 

0326 

261 

0326 

262 

NY0FF5 1  ..H  PROCESSING  OR  W  STORING 

032* 

F825AB 

263 

NYVALK->NYSTAI .0  ..INTERNAL  FLAGS 

0329 

0BFA04AF 

264 

•NYSTA1  .AND.  B  *00000100  *-»M'H.0 

032D 

265 

..EXTRACT  0  FOR  W>  1  FOR  H 

032D 

266 

..TEMPORARILY  PUSH  INTO  Nfi’ 

0320 

0EFAFB5B 

267 

•NYSTA1 .AND.e *11111011 *->*NYSTAl 

0331 

268 

. .RESET 

0331 

269 

.  . ?!!!!MUST  RECHECK  RESET  USING 

0331 

270 

.  .LACHFL  ROUTINE 

0331 

F8 40AB 

271 

NYVALR-»NYSTA1 .0  ..FOURS  COUNT 

0334 

8F 

272 

NYH.0  ..W  OR  H  ? 

0335 

C20000 

273 

LBZ  NY0rr7  ..LONG  branch  IF  0 

0338 

274 

0338 

275 

•  •  • 

0338 

276 

•  •  * 

0338 

277 

. .H  PROCESSING 

0338 

278 

..FLAG  ALREADY  RESET 

0338 

F8C7AF 

2  79 

NYVAL8-*NYH.0  ..POINTS  TO  OLD  H 

033B 

FF 

280 

SEX  NYH 

033C 

0BFPFF 

281 

9NYSTAI.X0R.4FF  ..NEW  .NOT.H 

033F 

F2 

282 

.AND.*  .. .NEW. NOT.H .AND. OLD  H 

0340 

3200 

28  3 

IF»0  GO  TO  NY0FF8 

0342 

0BF273 

284 

•NY  S  TA l . ANO  «•->•- 

0345 

F826AA 

285 

NY  VAL  S ■ *  NY  SC  R • 0  ..TO  BYTE  OF  MAIN  TIMER 

0348 

4A730A73 

28  6 

•NYSCRI-*#-! *NYSCR->*- 

034C 

287 

. .RENEWS  H,  TIME 

03  4C 

288 

.  .  !  f  f ! ! 1 ! Ill  f  f 

0340 

289 

NY0FF8 l  ..PUT  INTO  DMA  LOCATION 

034C 

F820AA 

290 

NY  VAL  T - >  NY  SC  R  »  0  ..STORE  W/H  FOR  DMA 

03  4F 

0B5A 

291 

•NY STA 1 - **NY SCR  ..FOURS  COUNT 

0351 

F8  05AF 

292 

NY VAL9- »NYN . 0 

0354 

293 

..TO  HOLD  PROCESSED  .NOT.H 

0354 

F8B9AA 

29  4 

NY  VAL  1  ■  »  NY  SC  R  *  0  ..SCRATCH  LOCN 

0357 

0P5A 

29  5 

•NY  STA 1 - *#NY  SC  R  ..UNPROCESSED  H 

0359 

FA 

296 

SEX  NY  SCR 

035A 

F800A9 

29  7 

A • 0<  ADJPR) ->NYSUB • 0 

0350 

F800B9 

298 

A. 1 < ADJPR >-*NYSUB. 1 

0360 

09 

299 

SEP  NYSUB  ..CALLS  ADJPR/ RESULT  LEFT 

12/07/79 
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0361 

300 

..IN  o  regR*  nyadj  points  TO 

0361 

301 

..  .not.dontworry  byte 

0361  EE 

302 

SEX  NYADJ 

0362  FBFFF25F 

303 

.XOR.#FF.ANO.#-»#NYH 

0366  EF 

304 

SEX  NYH  ..POINTS  AT  .NOT.H 

0367  F800A9 

305 

A « 0( HFAOS) - >NY  SUB • 0 

036A  FS00B9 

306 

A.  1 ( HEADS I -►NYSUB. 1 

0360  09 

30  7 

SEP  NY  SUB  ..CALLS  SUBROUTINE  HEADS* 

036F 

308 

..HEAD  FAULT  ISSUING  SUBROUTINE 

036E  F800A9 

309 

A  *  0<  ADJSET>  * »NY  SUB • 0 

0371  F800B9 

310 

A.  1  <  AD JSET) “ *N YSUB • 1 

0374  09 

311 

SEP  NYSUB  ..CALLS  ADJACENCY  BYTES 

0375 

312 

..RESETTING  PROGRAM!  D  REGR  CONTAINS  1 

0375 

313 

..VALUE*  NYADJ  POINTS  AT  OLD  VALUE  OF 

037  5 

314 

..SUM  CHECK  BYTE 

0375  EE 

315 

SEX  NYADJ 

0376  F3 

316 

. XOR • t  ..SHOULD  BE  ZERO 

0377  3200 

317 

IF  *0  GO  TO  NY0FF9 

0379 

318 

..OTHERWISE  FATAL  ERROR  FOR 

0379 

319 

..THIS  SIDE.  BRANCH  TO  FAULT 

0379 

320 

..LATCHING  SECTION  WITH  ERROR 

0379 

321 

.  .CODE  NO  IN  D  REGR 

0379  F832C00000 

322 

NYERR2ILBR  LACHFL 

037E 

323 

037E 

324 

. . » 

037E 

325 

•  •  • 

037F 

326 

.  . W  STORAGE 

037F 

327 

NY0FF7 !  ..NYSTAI  POINTS  AT  FOURS  COUNT 

037F  F803AF 

328 

NY  VALA- »NYH • 0  ..POINTS  AT  F 

0381  F820AA 

329 

NY VALT - >NY SC R . 0  ..STORE  LOCN 

0384 

330 

..FOR  DMA  ACROSS 

0384  EP 60 

331 

SEX  NYSTAI fIRX  ..POINTS  AT  TWOS 

0386  0FF2 

332 

•NYH .AND. #<  TWOS) 

0388  2B 

333 

DEC  NYSTAI 

0389  F15A 

334 

•  OR  *  t< FOURS) ->tNYSCR 

03«P 

335 

..STORES  FOR  DMA 

038B  2F2FEF 

336 

DEC  NYH1 DEC  NYHlSEX  NYH  ..POINTS  AT  Y 

038F  72732F 

33  7 

•  !-»•-! DEC  NYH  .  •  Y->Z 

0391  72732F 

338 

•!•>•*! DEC  NYH  • .  X-  »  Y 

0394  7273 

339 

•!->•-  ,.W->X 

039ft  0A5F 

340 

•NYSCR-»tNYH 

0398 

341 

0398 

342 

.  .  * 

0398 

343 

0398 

344 

NY0FF9 I  ..REJOIN 

0398  7B 

345 

SEO  ..SETTING  0  ALLOWS  DMA  OUT 

0399 

346 

. .TO  OTHER  SIDE 

0399 

347 

..NB  NY SCR  NOT  RESET  HERE 

0.399 

3  48 

..** 

0399 

349 

. .  ** 
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0399 

3  50 

..THIS  COMPLETES  RENEW  ROUTINE#  NOW 

0399 

351 

..ENTER  FSET#  FINAL  PART  OF  FIRE  ROUT* 

0399 

352 

0399 

353 

0399 

354 

0399 

355 

0399 

356 

. • FSET  ROUTINE#  LAST  PART  OF  FIRE  ROUT* 

0399 

357 

..FOLLOWS  RENEW  ROUTINE 

0399 

358 

..AUTHOR  THIS  SECTION. .NI GEL  YOUNG 

0399 

F8C4AEEE 

359 

NYVALB-aNYADJ. 01  SEX  NYADJ 

039D 

360 

..POINTS  TO  LOCN  OF  LOGGED  NONZERO  W  1 

039D 

F825AF 

361 

NYVALK-*NYW.0 

03A0 

0rrA80 

362 

fNYW.ANO.B  *  1 0000000  * 

03A3 

CA0000 

363 

L8NZ  NYOFFA 

03A6 

364 

. W«X.Y#Z#W*#X*#Y,L  LOGGING 

03A6 

F8CFAF 

365 

NY  VALC- »NYW. 0 

03A9 

0F 

366 

9NYW 

03AA 

3200 

367 

I  F*  0  GO  TO  HB 

03  AC 

F8C 4AA 

368 

HVALA- >NYSCR»0 

03AF 

EA 

369 

SEX  NY SCR 

0380 

F0FBFFC 20000 

370 

t.XOR.FFFlLBZ  HA 

03B6 

2A 

371 

DEC  NY SCR 

0387 

72AEF0BE 

372 

•!-»NYADJ.0l#-*NYADJ.l  ..W  COUNT-*REG 

0388 

F808AB 

373 

#8-»NYSTAl .0 

038E 

0F765F 

374 

HSTt*NYW/2’-»-*NYW  ..LSB  TO  DF 

03CI 

C7 

375 

LSNF  . .IF  0  DONT  INC 

03C2 

1E0F 

376 

INC  NYADJ I #NYW. •  COUNT  1  IF  NOT  0 

03C4 

2B 

377 

DEC  NYSTA1 

03C5 

88 

378 

NYSTA1 .0 

03C6 

3ABE 

379 

I  F»0  G09T0  HST. .  TOTAL  OF  8  TIMES 

03C8 

0F76SF 

380 

•  NYW/2  *”fNYW. .  RESTORE  W 

03C8 

9E5A 

381 

NYADJ. 1->*NYSCR. .REPLACE  W  COUNT  HI 

03CD 

2A 

382 

DEC  NY  SCR . .LEFT  AT  FIRST  W  COUNT 

03CF 

8  ESA 

363 

N7ADJ.0-*fNYSCR. .REPLACE  W  COUNT  LO 

03D0 
o\  ^  r>  -i 

F80C8E 

3B4 

HA  t  NY  VAL~  >NY ADJ  *  1  ...RESET  U/BYTE  TO  0 

0303 

F8S5AA 

386 

HBlHVALF- *NYSCR»0 

030$ 

EA 

387 

SEX  NYSCR 

0307 

F8 0073737373739 

388 

f 00- »•-#•-.*-#•-#•- 

03DF 

F8FF73 

389 

FFF- >♦- . •  STACIHBSET 

03F| 

F800AP 

390 

A • 0<  ADUP) - »NY  STA 1 .0 

ooea 

F80088 

39  I 

A.  I  (  ADUP»->NYSTA1 . 1 . . SET  TO  ADUP  SU0 

03E7 

F8CCAE 

392 

NYVALD-*NYADJ.0. « W’tLOCN. 

03FA 

08 

393 

SEP  NYSTA 1 . . GO  TO  ADUP  SUB. 

03EB 

1  F 

394 

INC  NYADJ..  X* 

03EC 

08 

39  5 

SEP  NYSTA I . . GOSUB 

03ED 

IF 

396 

INC  NYADJ.. Y‘ 

03EE 

08 

39  7 

SEP  NYSTA I 

03EE 

1  El  E 

398 

INC  NYADJI INC  NYADJ....  X 

03FI 

oe 

399 

SEP  NY  STA 1 

M  2 


~*2  IE 
0?F3  OB 
03^  F8CFAF 

03FC  0F 
03FO  I  F 1  F I  F 
0400  EF 
0401  FJSE 

0403  OB 
F  0404  3000 
0406 

0406  07 

0407  F854AA 
040A  FA 
040B  0FF2 
040D  60 
040F  FI732A 
0  4 | j  0FF? 

0413  60 
0414  F1732A 
0417  0FF2 
0419  60 
04  I  A  F1732A 
0410  0EF2 
04 1 F  60 
0420  FJ 73 
0422  0FF173 
0  425  60 
0426  3006 
0  428 

0428  F826AE 
0428  F80CBB 
042F  F855AA 
0431  F86SAB 
0434  0A2A 
F  0436  3200 
0438  FB73 
043A  4F730E735F 
F  043f  F0FBFF3200 
0444  F0FC015B 
0448  8BFC03AB 
044C  8BFF04AB 
0450  8BFF55 
0453  CE 
0454  3034 
0456 
0456 
•  0456 

0456  FSCCAF 
0459 


400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 
41  I 

412 

413 
41  4 
4 1  S 
4  t  6 
417# 
418* 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

445 

446 

447 

448 

449 


INC  NYADJ • •  V 

SEP  Mr"-T6) 

NYVALC*  »NYW.0..W  LOCN. 

HVALO  1  -»NYADJ.0  •  . W. OR. Z  <  SCRATCH) 

•  NY  W  ••  W 

INC  NYWJING  NYWUNC  NYW  ...Z 
SEX  NYW 

•0R.«->«NYADJ  ...W.OR.Z 
SEP  N9STA1 
GO  TO  ADEND 

. SUBROUTINE  ADL'P 

SEP  NYMAIN 
ADUPtHVAL8->NYSCR.0 
SEX  NYSCR 

•NYADJ. AND.#  •••NEW  5  COUNT 
IRX  ...  5  LOCN. 

•  OR .  •<•»•«•  j  DEC  NYSCR  ...STORE  l  MOVE* 
•NYADJ. AND. •  ...NEW  4  COUNT 

I  RX 

» OR  »•->•- j DEC  NYSCR 

•NYADJ . AND.f  ...NEW  3  COUNT 

I  RX 

.  OR  «•*  >•- 1 DEC  NYSCR 

•NYADJ. AND.#  ...NEW  2  COUNT 

IRX 

.  OR .  •"*  >  •» 

•NYADJ • OR >t- 
I  RX 

GO  TO  ADUP-I 

. END  OF  ADUP 

ADENDtNYVALS- > NYADJ .0  ...MAIN  TIMER  • 
NY VAL- >NY STA 1 . 1  ...RESET  U/BYTE  TO0 
H VALE- > NYSCR. 0  ...  5  COUNT 

FI VES»HVALD->NYSTA1 .0 
HC : »NYSCR1 DECNYSCR 
IF*0  GO  TO  FOURS 
->•- *NY  STAI 

•NYADJ! - *•»! #NYADJ- >»- ; DEC  NYADJ 
• . XOR.0FFI I F»0  GO  TO  HD 
•♦1->#NYSTA1 
HDJNYSTAI • 0*3" >N YSTA I .0 
FOURSiNYSTAl ,0-4->NYSTAl .0 
NYSTA1 .0-HVALG 
LSZ 

GO  TO  HC 

. END  OF  LOGGING 


. . .NEW  2  COUNT 


.  •** 

NYOFFA  t  NYVALD- >N YW • 0 
•.POINTS  TO  W* 


£ 

I 

t 
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0959 

EF 

450 

045A 

F8B9AA 

451 

045D 

72F1 

452 

045F 

6060 

453 

0461 

FI  60 

454 

0463 

FI 

455 

0464 

606060 

456 

0467 

F25A 

457 

0469 

458 

0469 

-.59 

0469 

460 

0469 

461 

0469 

2F 

462 

046A 

F02F2F2F 

463 

046E 

FI  60 

464 

0470 

F260 

465 

0472 

F2EAF1 

466 

0475 

2A5A 

467 

0477 

F800A9 

468 

047A 

F800B9 

469 

047D 

09 

470 

047E 

471 

047E 

472 

047E 

0EF25A 

473 

0481 

474 

0481 

F8D5AF 

475 

0484 

476 

0484 

0FF15A 

477 

0487 

478 

0487 

479 

0487 

480 

0487 

481 

0487 

1A 

482 

0488 

F8CCAF 

483 

048B 

EF 

484 

048C 

72F260 

48  5 

048F 

F2EAFI 5A 

48  6 

0493 

F800A9 

48  7 

0496 

F800B9 

488 

0499 

09 

489 

049  A 

490 

049A 

491 

049A 

0EF25A 

492 

049D 

F8D4AF 

49  3 

04A0 

49  4 

0  4A0 

0FF  1 

49  5 

04A2 

2  A 

496 

04A3 

F25A 

49  7 

0  4A5 

498 

04A5 

499 
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SEX  NYW 

NYVALt->NYSCR.0  ..SCRATCH  LOCN 
t 1 . OR. •  ..W'.OR.X* 

I RX) I RX 

•  OR.  t( W>* IRX 

•  OR • X ) 

IRXI IRXl IRX 
.AND.t<F>->fNYSCR 

..RESET  CONDITION  BYTE  IN  DUMMY  LOCN 

..** 

. ,  a  a 

..NOW  CALCULATE  F 
DEC  NY W  . .POINTS  AT  Z 
•<Z)JDEC  NYWJ DEC  NYWI DEC  NYW 

•  OR • #( W)l IRX 

. AND.# <  X ) 1 1 RX 

•  AND . •<  Y) .OR** *NY  SCR 
DEC  NYSCR*-»#NYSCR 
A. M AD JPR  > -»NYSUB.0 

•  1 CADJPR>->NYSUB. 1 

.*■  £P  NYSUB  ..CALLS  AD  JPR 
..RESULT  LEFT  AT  SCRATCH  LOCN 
. .NYADJ  POINTS  TO  .NOT .DONTWORRY 
•NYADJ.AND.i<F)->#NYSCR 
..DONTWORRY  PROCESSING 
NY VAL9- *NYW. 0 
..POINTS  AT  . NOT . H 
•NY W.OR.0CF>-»f NYSCR 
..F  SAVED  IN  SCRATCH  LOCN 
.  .** 

.  .*« 

. .NOW  CALCULATE  F* 

INC  NY SCR  ..TO  POINT  AT  RESET  BYTE 
NYVALD- >NYW. 0  ..POINTS  TO  W* 

SEX  NYW 

0 ! .AND. 91  I RX  . . W  * .AND. X  * 

.AND.  9<Y*>  .OR. 9  *NYSCR->9NYSCR 
A  .  0<  AD JPR > -*NY5UB«0 
A. 1 CADJPR>-»NYSUB. I 
SEP  NYSUB  ..CALLS  ADJPR 
..RESULT  LEFT  AT  SCRATCH  LOCN 
..NYADJ  POINTS  TO  .NOT. OONTWORRY 
0NYADJ. AND* 0<  F  •> ->0NYSCR 
NYVAL F- *NYW»  0  ..POINTS  TO 
.  .  (H.AND»r .NOT.H  ») > 

9NYW.0R.9CF’> 

DEC  NYSCR  ..POINTS  AT  F 
.AND.9C  F’.AND.F>-»9NYSCR 
..NYSCR  POINTS  TO  FIRE  CONDITION  BYTE 
.  .•* 

14  4 


Data  Cheats  DO. 53^6 

Uhaats  25 
I«5u*j  A 

-11- 


A5  12/07/79 


04A5 

500 

•  * 

04A5 

1  A 

501 

INC  NY  SCR 

04A6 

5A2A 

502 

-►•NYSCR1DEC  NYSCR 

04A8 

503 

..IF  NO  FIRE  AUTOMATICALLY 

04A8 

504 

..CONTAINS  #00  FOR  RESET 

04A8 

f825af 

505 

NYVALK-»NYW.0 

04AB 

0A 

506 

•NYSCR 

04AC 

3A00 

507 

I F»0  QO  TO  P0INT1 

0  4AF 

0FFA7F5F 

508 

•  NYW.AND.8  *01 1 1 1 I 1 1  ' - > #NYW 

0482 

509 

..RESET  HEAD  TEST  FLAG 

0482 

3000 

510 

GOt TO  P0INT4 

04P4 

0FFA89 

51  1 

P0INT1 t tNY W . ANO.B  *  1 0000000  * 

04B7 

3A00 

512 

IF  >0  GO  TO  P0INT3..D0NT  LOG 

0489 

F8C2AF 

513 

NYVALG-*NYW.0. .OLD  FAF  *  LOCN 

04BC 

F826A8 

514 

NYVALS- »NYSTA 1 .0. .TIMER 

04BF 

9 F 

515 

•  NY  W 

04C0 

3200 

516 

IF=0  60  TO  LOG 

04C2 

F88FAF 

517 

NYVALZ- >NYM.0. .2ND  LOG  LOCN 

04C5 

0AEF73 

518 

LOGt*NYSCR-»- *N YW 

04C8 

48730873 

519 

•  NYSTAI  !->•-.»  •NYSTAl-**- 

04CC 

F823AB 

520 

P0INT2* NYVALU->NY5TA 1 .0..O/P  BYTE 

04CF 

0BFA04 

S21 

•NYSTA1 .AND. 8*00000100* 

0402 

3A00 

522 

IF  >0  GO  TO  P0INJ3 

0904 

523 

..FIRE  NOT  ABOUT  TO  BE  SET 

0404 

F8BCAB 

524 

NY VAL Y - >NY  5TA 1 .0. •#  OF  FIRES  LOCN 

0407 

0BFFFF 

525 

•NYSTAJ-CFF 

04DA 

3200 

526 

IF  «0  GO  TO  P0INT3..REG.  FULL 

04DC 

0BFC01 5B 

527 

•NY5TA1 *#01 -»«NYSTA I • • INCREMENT 

04E0 

F8045A 

528 

P0INT3JB  *00000100  *->*NYSCR 

04E3 

EA 

529# 

POI NT 4*  SEX  NYSCR 

04  E4 

F823AB 

530 

NYVALU-*NYSTA1 .0  ..0/P  BYTE 

04E7 

0PFAFBF1 5B 

531 

•NYSTAI  .AND.B  *  11  111011  ’  .OR.»-*-*NYSTAl 

04EC 

532 

..SETS  OR  RESETS  0/P  FIRE  CONDITION 

04FC 

E7 

533 

SEX  R  7 

04EO 

71  77 

534 

DIS,  #77 

04EF 

FB64 

535 

SEX  NYSTAI 1  OUT  4 

04F1 

536 

. .OUTPUTS 

0  4F1 

EA 

537 

SEX  NYSCR 

04F2 

0BFAFBE1 58 

538 

•NYSTAI. AND.B* 1 1111011  ’  .0R.*->*NYSTA1 

04F7 

E7 

539 

SEX  R  7 

04F8 

7077FA 

540 

RET*#77iSEX  NYSCR 

0  4FB 

541 

..SAVES  FIRE  IN  TRUE  LOCNSALSO 

04F8 

542 

.  .4* 

04FB 

543 

•  •  ^  ♦ 

04FH 

544 

..NOW  REVERSE  ADJACENC Y*PR0CESS1 NG 

04F8 

54  5 

..OF  Fl  USE  3  REGR. *  S*FOR  CONVENIENCE 

04FF 

546 

. .CAN  USE  J"'T  2 

04FP 

1  A 

547 

INC  NYSCR 

04FC 

548 

..POINTS  TO  F.AND.F**IN  SCRATCH 

04FC 

F8D3AF 

549 

NY  VAL  A- >  NY  W.  0 

1  4  b 


1 
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04FF 

550 

04FF 

F80BAE 

551 

0502 

552 

0502 

553 

0502 

0AF  6F  6F  fff- 

554 

0507 

EEF2EAF15 a 

555 

050C 

556* 

050C 

2E 

5S7* 

0500 

F6EEF2EAF1 5A 

558 

0513 

559 

0513 

2E 

560 

0514 

FEEFF2EAF15A 

561 

05 1  A 

562 

05 1  A 

2E 

563 

05  1 B 

F6FFF2EAF1 5F 

564 

0521 

565 

0521 

U66 

052  1 

FS42AA 

567 

0524 

F800737373 

568 

0529 

569 

0529 

570 

0529 

571 

0529 

5T2 

0529 

573 

0529 

574 

0529 

573 

0529 

EF 

576* 

052A 

F8FFAF 

577 

0520 

F8AA738F 

578 

0531 

FFDE3A2O60 

579 

0536 

72FFAA3A 00 

580 

0538 

8F3A362F 

581 

053F 

F85573SF 

582 

0543 

FFOE3A3F60 

583 

0548 

72FF553A00 

584 

0540 

8F3A483000 

58  5* 

0552 

F824C00000 

586 

0557 

F80CDFP0F8E2AF* 

587P 

055E*F8007373 

588 

0562 

F8FF7373 

589 

0566* 

590 

0566* 

59  1 

0566 

592 

0566 

F8OFA0 

593* 

0569 

F825AF0F 

59  4 

0560 

FAFE5F 

59  5 

0570 

03 

59  6 

•0800 

59  7 

0600 

598 

0B00 

599 

12 


..POINTS  TO  SAVE  LOCN  OF*F 
NY VAL J«  >NYADJ. 0 
..POINTS  TO  APJ1 

-  *  REVERSE  1ST  LEVEL  AOJ  PROCESSING 
•NYSCR/2/2/2/2 

.AND.*  *NYADJ.OR.*‘NYSCR-»*NYSCR 
..REVERSE  4TH  LEVEL  ADJ  PROCESSING 
DEC  NY ADJ 

/2« AND.* ‘NYADJ.OR.* ‘NYSCR-**NYSCR 
..REVERSE  3RD  LEVEL  ADJ  PROCESSING 
DEC  NY ADJ 

*2. AND.* ‘NYADJ.OR.*  *NYSCR-»*NYSCR 
..REVERSE  2ND  LEVEL  ADJ  PROCESSING 
DEC  NYADJ 

/ 2. AND.* ‘NYADJ.OR.* ‘NY SCR-»*NYW 
..SAVES  F  FOR  NEXT  ENTRY  TO  FIRE  ROUT* 
..NOW  RESET  FOURS* TWOS. ONES  COUNT 
NYVALS->NYSCR.0  ..ONES*COUNT  POINTER 
#00* 

..END  OF  PROGRAM  SECTION  FSET 
..WHICH  COMPLETES  FIRE  ROUTINE 


..ENOS  FIRE  ROUTINE 

. ,***»************j***j*******«******** 

..NOW  CHECK  DMA  RAM 
SEX  RF 

LD!#FFlPLO#RF 
POINTlLDIFAAj  STXOl GLO*RF 
SM  I  <#DE!  BNZ  POINT!  I  RX.  .TO  POINTAT  OF 
REPTlLDXAl SMI #AA| BNZ  WRONG 
GLO*RFl BNZ  REPTl DEC  RF 
AGINILDI# 55!  STXDl  GLO  RF 
SMICDE!BNZ  AGIN! I RX 
ROUNDtLDXA! SMIF55!  BNZ  WRONG 
GLO*RF!BNZ  ROUND!  BR  RIGHT 
WR0NGlLDI#24!LBR  LACHFL 
RIGHT»LDI#0C!PHI  RF!PHI  R0! LDI#E2# PLO  RF 
LDI  0! STXD! STXD 
LDI*FF;STXD! STXD 
. ..SET  1ST  4  DMA  LOCNS 
..TO  INDICATE  FAILURE 

. . ***<i****!#**.*t****j»***#*j****#*#**a 

LDI#DF!PLO  R0. .RE'INI TIALIZE  DMA 
LD1#25!PL0  RFlLDN  RF 
ANI #FE! STR  RF 
SEP  R3 
ORG  #B00 

..SUBROUTINE  AOJSET/ AUTHOR  NIGEL  YOUNG 

I  4  1, 


1 

i 

i 


W- 


Data  Jhaat:  DO.5306 

jhaat:  27 
Iflauti  A 


-  13  - 


AS 


12/07/79 


f 


0B00 

600 

0800 

60 1 

0B00 

602 

0P00 

F8D7AFAF. 

603 

0804 

604 

0B04 

60  5 

0804 

606 

0804 

60  7 

0804 

608 

IC*104 

F8B9AA 

609 

0807 

610 

0807 

4EEA73 

611 

0B0A 

612 

0B0A 

613 

0B0A 

614 

0P0A 

615 

080  A 

616 

080A 

617 

0B0A 

• 

61  X 

0F0A 

FA705A 

619 

080D 

FAF6F6F6F15E5A 

620 

0814 

621 

0B1  4 

72F473 

622 

0B1  7 

4EFEFBFFF25A# 

623 

0B1D 

624 

081  D 

60 

625 

0RIF 

626 

0B1E 

62  7 

0B1E 

628 

0B1E 

629 

0B1E 

630 

0B 1 E#0FF  A08 

631 

0822 

F888 

633 

#  0B24 

5E 

634 

0825 

635 

0B25 

F473 

636 

0B27 

4EF 1 5A 

637 

0B2A 

638 

0B2A 

60 

639 

0828 

640 

0P2P 

641  •• 

0P2B 

0FFA04 

642 

0B2F 

Ce 

643 

0B2F 

F822 

644 

0B3  1 

5F 

645 

0B32 

F  47  3 

64  A 

0P34 

4FF1 5AA0 

A47 

0838 

A  48 

0838 

649 

..CALLED  BY  INITIALIZATION 
..AND  15  SEC  H  SETTING  ROUTINES 
ADJSETt 

N Y  VAL  0  *  NY  C  ON  F • 0  »  N YA  D J . 0 
.  .CONFI G  BYTE 
..USE  NYADJ  TO  POINT  TO 
..ADJACENCY  BYTES 
. . NB  UPPER  BYTEtOF  REGRS 
. .MUST  BE  #0C 
NYVAL 1-NYSCR.0  ..SCRATCH 

..PUT  LOCATION  INTO  WHAT  WILL  BE  X 
•NYADJf -»•- * NYSCR 
. .INCREMENTS  NYADJ 
..DECREMENTS  NYSCR  <WH  BECAME 
. .PUTS  CONriG  INTO 


RB 


X  REGR> 
1ST  SCRATCH  LOCATIB 


. .NOW  CREATE  ADJ2 
..CONFIG  ALREADY  IN  D  REGR 
A.AND.B *0111 0000  *-»#NYSCR 
A/2/2/2/2.0R>#->tNYADJ#tNYSCR 
..ADJ2  STORED  IN  ITS  ANO  DUMMY0LOCN 
•t ♦•->•-  ..CONFIG^ADJg  STORED 
•NYADJf *2. XOR.PFF. AND. t->#NYSCR 

..PART  CALCULATION  OFtDONTWORRY  BYTE 
I RX. .REINCREMENTS  TO  POINT  AT#SUM  TOTAL 
•  ♦ 

..NOW  FIND  ADJ3 

..FINDING  OF  ADJ3.ADJ4.ADJ1  COULD  BE 
..WRITTEN  AS  COMMON# SUB ROUTINE 
. .BUT#NO#ADVANTAOE  IN  CODE  LENGTH 
•NYCONF. AND. 8*0000 1 000 *-*«M 

•  0B21  CEB 

B  *  10001000  '->*  ..ELSE  SET  TO  VALUE 
*-»#NYADJ 

..STORES  ADJ3# EITHER  0  OR#SET  VALUE 
«♦•->••  ..SUBTOTAL 
•NYADJ! . OR ••- >»NY5CR 
..PART  CALCN  OF  DONTWORRY  BYTE 
I RX  ..INCREMENT  X  REGR 
•  • 

..NOW  FIND  ADJ4  SIMILARLY 
•NYCONF.ANO.B  *00000100 •-* l 
LSZ 

B *00100010  •->« 

*-»#NYADJ 

*♦•-»•« 

•NYADJf .OR. •->»NYSCRl  I RX 


..NOW  FIND  ADJ 1 

\A  t 


SIMILARLY 


Det*  4h-?et:  DC.3J06 

■ili ret:  28 
I*su<*:  A 
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0638 

0FFA80 

6  50 

•NYCONF. AND. B *  1 0000000  *-*X 

0838 

CE 

651 

LSZ 

9 

0B3C 

F80F 

652 

B'00001 1 1 1 *->A 

083E 

5E 

653 

«->9NYADJ 

0B3F 

F473 

6549 

0841 

655 

..PARTIAL  SUM  SAVED 

0841 

656 

•  • 

0641 

6579 

..MOW  CALCULATE  • NOT .DONT WORRY 

0B41 

4EF1 FPFF5E 

658 

9NYADJ! .0R.9.X0R.#FF->9NYA0J 

0846 

1  E60 

659 

INC  NYADJlIRX 

0P4B9F4 

660 

..PARITY  SUM  CHECH  BYTE  LEFT 

0B49 

661 

..IN  0  REGR.  X  REGR  LEFT  POINTING  AT 

0849 

662 

..SUM  SCRATCH  LOCATION# WHICH  ONLY 

06  49 

663 

..CONTAINS  PARTIAL  SUM  WHICH  SHOULD 

08  49 

664 

..NOT  BE  USED 

0B  49 

665 

•  .NYADJ  LEFT  POINTING  AT  PARITY  SUM 

06  49 

666 

. .BYTE# NYPAR1 . LOCATI ON 

9 

0B49 

07 

667 

SEP  NYMAIN  ..RETURN 

06  4A 

9 

668 

..END  0F9SU8R0UTINE  ADJSET 

0B4A 

669 

99 

0B4A 

670 

0B4A 

671 

06  4A 

672 

.  .* 

0B4A 

673 

4  *  ^ 

9 

0P4A 

674 

. • SUBROUTINE  HEADS. CALLED  IN  PROGRAM 

06  4A 

675 

..SECTION  RENEW 

'  /  A 

676 

..ISSUES  FAULT  ON  HEAD  FAILURE  THRUOUT 

0P4A 

677 

..ANY  ADJACENCY  SET 

0P4A 

678 

..AUTHOR  THIS  S'JbKOUTl  ME.  .Nl  GEL  YOUNG 

0P4A 

679 

HEADS: 

0F  4A 

680 

..X  REGR  IS  NYH. POINTING  AT  .NOT .H 

0F4A 

681 

. .enter  here 

0B4A 

F8B9AA 

682 

NYVAL  1->NYSCR.0  ..SCRATCH 

GP  40 

683 

..MUST  ENSURE  NOT  OTHERWISE  NEEDED 

0840 

72FPFFF2 

68  4 

91  .X0R.9FF.AND.9 

0P5J 

2F2F 

68  5 

DEC  NYH J  DEC  NYH 

0PS3 

SF 

68  6 

- >9NYH  ..STORES  < .NOT  »H  * ) .AND.H 

0P54 

IF 

68  7 

INC  NYH 

0B55 

72F25A 

688 

9!  .AND.9-»9NYSCR  . .( .NOT.H  •  > . AND. < .NOT! 

0B58 

689 

..IE  NOT  ZERO.  TAULT 

9F 

0B58 

3200 

690 

IF  «0  G09T0  NY0FF6  ..RETURNS 

9 

0PSA 

F8CAAF 

691 

NYVAL5->NYH.0 

0B5O 

0F 

69g 

9NYH  ..OLD  VALUE  OE  < .NOT.H *) .AND. C .N0» 

r 

0BSF 

3A00 

693 

IF  >0  GO  TO  NY0FF6  ..DONT  RENEW  IF 

0660 

69  4 

..already  non»zero 

0B6  0 

0A73 

69? 

9NY$CR-*0- 

9 

0662 

E826AA 

69  6 

NYVALS-*NYSCR.0  ..timer 

0P6r< 

4A730A73 

69  7 

9NYSCR!-*f-l9NYSCR->9- 

9 

0B69 

698 

..LOOS  FAW.T 

0B69 

F8  23AB 

699 

NYVALU- *NYSTAI .0  ..Q/P  STATUS 

|48 
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0B6C  0BF9025B 

0B70  IB 

0B7 I  0BF9025B 

0B75 

0875 

0875  07 

0B76 

0B76 

0876 

0876 

0B7  6 

0B76 

0B7* 

0B76 

0876 

0876  F8D7AE 

0B79 

0B79 

0B79 

0B79  IE 

0BTA  4EF2FEF 17360 
0B80 

0880  4EF2F6FI7360 
0B8  6 

0B86  4EF2FEF1 7360 
0B8C 

0B8C  4EF2FEFEFEFEF1 
0893  7360 
0895 
0895 
0B9  5 
0895 
0B95 
0B9  5 
0B95 
0B9  5  D7 
0896 
0B96 
0B9  6 
0B9  6 
089  6 
0P96 
0896 
0P96 
0B96 
0896 
0800 
0BO0 
0BO0  79 
0801  E2607I 


Dat*  -h#ati  DC *5306 
Shaat:  29 
In.sua:  A 
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700  tNYSTAl .OR.B  *000000 1 0  * ->fNYSTAl 

701  INC  NYSTA1 

702  9NYSTA1 .OR.B '00000010*->9NYSTA1 

703  ..SAVES  FAULT  INTERNALLY  4  FOR  0/P 

704  . . 77NEEO  T08CHECK  FAULT  BUTTON 

705  NY0FF6 1  SEP  NYMAIN  ..RETURN 

706  ..END  OF  S**P  ROUTINE  HEADS 

707  ..a********* ****** a********************** 

708  ..M**M»**MMM**»*MMMMMMM***m 

709  .. 

710  ..************************************* 

71 1  .. a************************************ 

712  ..SUBROUTINE  AOJPR* AUTHOR  NIGEL  YOUNG 

713  ..CALLED  FOR  F*F*.H.H*  PROCESSING 

714  ADJPRS 

715  NYVAL0->NYADJ.0  ..CONFIG 

716  ..SAVES  FAULT  IN  TRUE  LOCATION  AliSO 

717  ..USE  NYADJ  TO  POINT  TO  ADJACENCY  BYT* 

718  ..N.B.  UPPER  BYTE  MUST  BE  #0C 

719  •  INC  NYADJ 

720  4NYADJJ .AND* t*2. OR. IRX 

721  ..PERFORMS  SECOND  LEVEL  PROCESSING 

722  9NYADJ1 .AND. #/2. OR. •->•-! IRX 

723  ..PERFORMS  THIRD  LEVEL  PROCESSING 

724  tNYADJI .AND. #»2. OR. IRX 

725  ..PERFORMS  FOURTH  LEVEL  PROCESSING 

726  iNYADJ! .AND.**2*2*2*2.0R.t 

727  -» i- 1 1 RX 

728  ..PERFORMS  FIRST  LEVEL  PROCESSING 

729  ..RESULT  OF  ADJACENCY  PROCESSING 

730  ..LEFT  IN  D  REGISTER  AND  AT  LOCATION 

731  ..ORIGINALLY  POINTED  TO  BY  X  REGISTER 

732  ..X  REGISTER  RESTORED  TO  ENTRY  CONDJTI® 

733  ..NYADJ  REGISTER  POINTS  TO 

734  ..  . NOT. DONTWORRY  BYTE 

735  SEP  NYMAIN  ..RETURN 

736  ..END  OF  SUBROUTINE  ADJPR 


739  ..***♦♦**♦•**»*****♦**♦*♦♦**♦****««*•** 

7  40  t  ..FATAL  FAULT  LATCHING  SECTI ON. I.ACHFL 

741  ..FOP  FAULTS  WHICH  CLOSE  DOWN  THIS 

742  ..SIDE  OF  SYSTEM 

743  ..NOT  A  SUBROUTINE. BRANCHED  TO  WITH 

744  ..ERROR  CODE  NO  IN  D  REGR 

745  ..VALUE  OF  P  VARIES  WITH  ERROR 

746  ORQ4BD0 

747  LACHFLi 

748  MARK  ..CLOBBERS  M(R2> 

749  SEX  R2MRXIDIS 


l»nu«l  k 
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0BD4 

750 

..DISABLES  I /RUPTS*  RESTORES  X,  P 

0BD4 

2252 

751 

DEC  R2J->#R2 

0BD6 

752 

..RESTORES  R2# SAVES  ERROR  CODE  NO 

0BDA 

753 

..IN  ITS  CLOBBERED  MEMORY  LKCN 

080ft 

F8B5AA 

754 

NYVALW-»NYSCR.0 

0BD9 

755 

.  .LACHFL  STORAGE  LOCN 

0BD9 

F826AF 

75ft 

NYVALS-*NYH.0 

0BDC 

757 

.  .BYTE0OF  TIMER 

0BOC 

758 

. .  NYH* NYSCR  CLOBBERED. .DOESN *T  MATTER 

0BOC 

FA 

759 

SEX  NYSCR 

0BOD 

02734F730F73 

760 

•  R2~ J  #NYH !->•-! fNYH- >♦- 

0BE3 

761 

..SAVES  ERROR  CODE  NO  *  TIME 

0BE3 

F823AA 

762 

NYVALU-*NYSCR.0  ..0/P  BYTE 

0BE6 

F800A4 

763 

A. 0(LABLX > - »  R4 • 0 

0BE9 

F800B4 

764 

A.  1  C LABLX  > - »  R4 • 1 

0BEC 

E404 

765 

SEX  R4ISEP  R4 

0BEE 

6442 

766 

LABLX I0UT4#  #42 

0BF0 

30F0 

767 

NYLOOP »  GO  TO  NYLOOP 

0BF2 

768 

. .LOOPS 

0BF2 

769 

..END  OF  LACHFL* FATAL  FAULT  LATCHING  R| 

0BF2 

770 

0BF2 

771 

..****♦•♦***♦*♦*********************•***• 

0BF2 

772 

END 

0BF2 

774 

0BF2 

775 

0BF2 

776 

0BF2 

777 

END 

I  50 
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Datr  DC. 5306 

£h«»t< 
Ia.'iuvt  A 


FL  LOC 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
»  0000 
0000 
0000 
0000 
09  70 
09  70 
09  71 
09  72 
F  0974 
0977 
F  09  79 
F  09  7C 
F  0901 
098  6 
098B 
F  0990 
0995 
0998 
0999 
099B 
0990 
09A0 
09A1 
09A2 
0  9A4 
09A5 
09  A  7 
09A9 
09  AC 
P  09  AD 
09AE 
09BI 
09B3 
0VB5 
09B  6 
09B8 
F  09F9 
09  BP 
'  /BO 
09  BF 


COSMAC  CODE 


C4 

68 

FA0O 

C20000 

FF0  1 

C20000 

FF03C20000 

FF01C20000 

FF03C20  75  7 

FF01C20750 

FF03C20000 

C00792 

E7 

6950 

3098 

F8FFA5 

85 
73 

3  AA0 
E7 

6910 

30A7 

F80055 

72 

A6 

86F4A6 
608  5 
3AAE 

86 

FF80 

E7 

3A00 
6  450 
30BD 
6410 


LNNO  SOURCE  LINE 

1  * • GSE  PROGRAM 

2  ..ENTRY  WITH  X-R5 

3  .  .P-R7,  R5-0C00 

4  TEMP-401 . .TEMPORARY  REGISTER  USED  IN  OS 

5  TLOC-403. .ASCI  I  BYTE  STORED  AT  R3 

6  RAM-406. .DATA  SHIFTED  FROM  R6 

7  WORK-404.. RA  IS  WORKING  REG 

8  D ELAY-408 • • R8  IS  DELAT  ROUTINE  CTR 

9  OUT-409.. R9  IS  0/P  ASCII  CHAR  ROUTINE  C 

10  ..R4  WORKING  REG 

11  CMLOG-40757 

12  ROMCK-40750 

13  BDTST-40  792 

14  ORG  40970 

15  NOP 

16  INP3 . *  GET  GSE  STATUS 

17  ANI 40D* .MASK 

18  LBZIDLRT..IDLE  ROUTINE 

19  SM 1401 

20  LBZ  DATOT..DATA  OUT 

21  SMI  403ILBZ  RMRNA. . RAM  RETENTION 

22  SMI  401JLBZ  RMRNB. •  RAM  RETENTION  B 

23  SMI  4031 LBZ  CMLOG. .COMMON  LOGIC 

24  SMI401JLBZ  ROMCK  ..ROMCHECK 

25  SMI  403ILBZ  RMTR..RAM  TEST*RESET 

26  LBR  BDTST  ..BOARD  TEST  <MICR0  P> 

27  IDLRTJSEX  7 

28  OUT  4  #4 50.. SETS  GSE  1*2  HIGH 

29  BR  IDLRT..WH1CK  CHECKS  THEM  FOR  LATER  ■ 

30  RMRNA  »LDI 4FFI PLO  5 

31  ENCORlGLO  R5 

32  STXD 

33  BNZ  ENCOR.. LOADS  0CFF-FF  TO  0C00-00 

34  SEX  R  7 

35  OUT  4» 4 10.. RAISE  GSE  FLAG 

36  MElBR  ME 

37  RMRNBlLDI 4001  STRR5 

38  LDXA 

39  PLO  R6..PUTS  00  AT  R6<0> 

40  BACKTOi GLO  R6#ADDlPL0  R6»  «TEMP  SUM  STORE 

41  IRXjGLO  R5 

42  BNZ  BACKTO 

43  GLO  R6 

44  SMI480. .CHECKSUM  BIT 

SEX  R7 

46  BNZ  FLTY..BAD  CHECKSUM  BRANCH 

47  OUT  4, 450.. RAISE  GSE  1*2 

48  TIMEiBR  TIME 

49  FLTY  »  OUT  4,4|0.  .RAISE  GSE  1 


Data  Sh««t:  D0.5J06 

Jhaatt  32 
laxutl  A 


AC  2 


12/07/79 


09  C  1 

30BD 

50 

FF  TIME 

09  C  3 

F80A 

51 

RMTRiLDl  #0A 

09CS 

R9 

52 

PHI  R9 

09C6 

F8BJA909 

53 

LDI  4B11PL0  R9 l SEF  R9..RAM  TESTARESET 

09CA 

E7 

5A 

SEX  R  7 

09CP 

6A10 

55 

OUT  4>  f  1 0  *  « 6SE  1  HIGH  SIGNIFIES 

09CO 

56 

. .COMPLETE 

09CD 

30CD 

57 

SFLFlBR  SELF 

09CF 

58 

..N.B.  IF  BAD  RAM  TEST 

09CF 

59 

..LACKFL  PUTS  GSE2  HIGH 

09CF 

60 

..OUTPUT  RAM  TO  GSE  ROUTINE 

09CF 

F60C 

61 

OATOTlLOI  tQC. 

0901 

B6 

62 

PHI  RAM. .REGI STER  OENOTED  BY  A 

0902 

F800 

63 

LDI #00 . .RAMsOCOO 

09  0  A 

A6 

6A 

PLO  RAM 

09D5 

AA 

65 

PLO  WORK.. REG  OENOTED  3Y 

0906 

66 

. .WORKs XX00 

0906 

F800A9 

67 

A.0( OPASC I )->R9.0 

09  09 

F800B9 

68 

A.  KOPASCI  > -  >R9 •  1 

09  0C 

F800A8 

69 

A.0<  OELRT) - »R8 . 0 

09DF 

F800B8 

70 

A. 1 <  DELRT) ->R8 . 1 

09  E2 

F821B3 

71 

LOI  #2  1 1  PHI  TLOC 

09  E  5 

09 

72 

SEP  OUT . • TRAN  SM I T 1 

09E6 

F8A0B3 

73 

LOI#ADlPHI  TLOC 

09E9 

09 

74 

SEP  OUT .  .**M 

09  EA 

F83A03 

75 

LDI434JPHI  TLOC 

09ED 

09$ 

76 

SEP  OUT.. "4 

09EE 

F83AB3D9 

77 

L0I#34lPHI  TLOClSEP  OUT.. ”4 

09F2 

F830B3O9 

78 

LOI  4301  PH  I  TLOClSEP  0UT.."0 

09F6 

F830P3O9 

79 

LDI  #301  PH I  TLOCl  SEP  OUT.  .‘*0 

09  F  A 

F818AO 

80 

LDI #18l PLO  RD...SFT  FOR  24  SPACES 

09FO 

F820P3O9 

81 

PHSlLDI#20! PHI  TLOClSEP  OUT 

0A0| 

208 OCA09FO 

82 

DEC  RDlCLO  RDlLBNZ  PHS 

0A06 

72 

83 

READiLOXA. .READ  LOCATION  OCOO 

0A07 

3  A 

..AND  ADVANCED 

0A0  7 

BA 

85 

PHI  WORK 

0A08 

F6F6F6F6 

86 

SHRI  SHR1  SHRl  SHR 

0A0C 

FCF6 

87 

A0I#F6 

0A0E 

3B00 

88 

BNP  LAB  1 

0AI0 

FC07 

89 

ADI #07 

0A12 

FFC6 

90 

LABI l SMI #C 6 » .CONVERT  THE  FOUR  MOST 

0A1  A 

B  3 

91 

PHI  TLOC. .SIGNIFICANT  BITS 

0A15 

92 

. .TO  ASCII 

0A  1  5 

09 

93 

SEP  OUT.. 0/P  ASCII  BYTE 

0A1  6 

9  A 

9A 

GH I  WORK 

0A17 

FFFEFEFE 

95 

SHL1  9HL1  SHLI  SHL 

0A1R 

F6F6F6F6 

96 

SHRl SHRl SHRl SHR 

0A1F 

FCF6 

97 

A0I#F6 

0A2  1 

3B00 

98 

BNF  LAB  2 

0A23 

FC07 

99 

AOI #07 

I  52 


U»t»  Jh**t :  DO  5306 

33 

I.-iiiu* »  A 

-  3  - 


AG2  1  2/0  7/79 


0A2S 

F  FC6 

100 

LAB2 1  SHI #C 6.. CONVERT  THE  FOUR  LEAST 

0A27 

B3 

101 

PHI  TLOC*. SIGNIFICANT  8ITS 

0A28 

102 

..TO  ASCII 

0AP8 

09 

103 

SEP  OUT.. 0/P  ASCII  BYTE 

0A29 

F800FF. 

104 

LDI #00; SHL • • I S  DF«0 

0A2C 

84 

105 

GLO  WORK 

0A2O 

FC01A4 

106 

ADI #0 1 1 PLO  WORK. .CHECKSUM  TO  STOP  G 

0A30 

CB0A06 

107 

LBNF  READ.. AFTER  256  BYTE  TRANSFER 

(*  A33 

F80HP3 

108 

LDI #0D; PHI  TLOC*. LOAD  CRG*  RTN . 

0A36 

09 

109 

SEP  OUT.  .TRAN SMI  T**CARRI  AGE  RETURN** 

0A37 

F  7 

110 

SEX  R7 

0A38 

6410 

1  1  1 

OUT  4, #10.. ISSUE  GSE  1  FLAG 

0A3A 

C00A3A 

1  12 

THlSlLBR  THIS 

0A3O 

t  13 

..0/P  ASCII  character  routine 

0A3D 

07 

1  1  4 

START*  SEP  R7 

0A3FT 

F808A3 

1  1  5 

OP  A SC I *LDI #081 PLO  TLOC 

0A  4 1 

FAO'IA/, 

1  1  6 

LDI #00;PLO  TEMP 

0  344 

7R 

l  1  7 

SEQ 

0A  45 

08 

I  10 

RETURN* SEP  DELAY 

0A  46 

23 

119 

DEC  TLOC 

0A47 

83 

120 

GLO  TLOC 

0A  48 

3200 

121 

BZ  PARENO 

0A4A 

93 

122 

GHI  TLOC 

0A48 

F  6 

123 

SHR 

0A4C 

83 

124 

PHI  TLOC 

0  A  40 

3B00 

125 

BN  F  TOM 

0A4F 

1  1 

126 

INC  TEMP 

0A50 

7A 

127 

REO 

0AS1 

38 

128 

SKP 

0A52 

7B 

129 

TOM*  SEQ 

0A53 

C00A45 

1  30 

LBR  RETURN 

0AS6 

81 

131 

parfnojglo  TFMP 

0A57 

FA 

132 

SHR 

2A58 

3P00 

133 

BNF  BILL 

0  A  5A 

7A 

134 

REQ 

0A5B 

3* 

135 

SKP 

0A5C 

7B 

136 

BILL»SEQ  ...EVEN  PARITY 

0A5D 

D3 

137 

SEP  DELAY 

base 

7A 

138 

REC 

0A5F 

03 

139 

SEP  DELAY 

0A60 

08 

1  40 

SEP  DELAY 

0A6I 

C00A3O 

1  41 

LBR  START 

0A64 

142 

..DELAY  ROUTINE 

0A64 

09 

1  43 

STR1 1  SEP  R9 

0A  A  A 

fbsi 

1  44 

DELRTiLDI #51  ..FOR  300  BAUD 

0A67 

FT0I 

1  45 

DIL*  SMI  #01 

0A69 

0  4C4 

1  46 

nop; nop 

0A68 

3A67 

1  47 

BNZ  OIL 

0A6D 

C00A6  4 

1  48 

LDR  5TR1 

0A70 

1  49 

...BOARD  TEST  PROGRAM 

I  !)  3 


AG2 


12/07/79 


lint*  Sheets  DO. 5306 

34 

Isnue:  A 


-  4  - 


F 

F 


F 

f 

F 

F 


0A70 

1  50 

0792 

1  51 

0792 

FR90 

1  52 

0794 

A2 

1  53 

0795 

F800B1P9 

1  54 

0799 

F800A1 

155 

079C 

E7 

1  56 

079D 

7077 

1  57 

079F 

F800A9 

1  58 

07A2 

ES61D962D9 

1  59 

07A7 

630964096709 

160 

07  AO 

C00200 

161 

07B0 

7A 

162 

07BI 

F800A5 

1  63 

07B4 

3400F8O1 55 

1  64 

C7B9 

3500F802F155 

1  65 

07BF 

3600F804F155 

166 

07C5 

3700F808F1 55 

167 

07CP 

64 

168 

07CC 

30B  1 

169 

07CC 

07 

170 

07CF 

F8A0BFAF 

171 

07D3 

2F9F3AD3 

172 

07D7 

173 

07D7 

30CE 

1  74 

07D9 

< 

175 

0709 

6072FE72  70 

1  76 

07OE 

22782273 

177 

07E2 

7673  ! 

1  78 

07E4 

F8A08EAE7D 

1  79 

07E9 

2E9E3AE9 

180 

07ED 

7A30D9 

181 

0200 

7BD9C005F9 

182 

05F9 

7AO9C00  700 

183 

078D 

7RO9C0096B 

184 

09  6P 

7AO9C00AF1 

185 

0AF1 

7DO9C007B0 

186 

0AF6 

187 

0AF  (, 

188 

OAF  6 

189 

R9i OUT  2l SEP 
41  SEP  R9lOUT 


R9 

71  SEP 


R9 


TO  RESET  PORT 


R5 


..  .(  GSE  SWITCH  AT  B’ll  1  * 

ORG#0792 
LDI #90 
PLO  R2 

A. 1 C INADR>-»R1 • 1 # R9 . 1 

A.  0(  I NAOR) -  *  R 1 . 0  ..INTERRUPT  ADDRESS 
SEX  R  7 
RET#  1?  77 

A. 0 ( DALLY ) - >  R9 • 0 
SEX  RSI  OUT  1 1  SEP 
OUT  3l SEP  R9J0UT 
LPR  #0200 
CMBAKiREO 

Cl RCLEtLDI #001 PLO  R5 
B1  HAY*LDI#01 1  STR  R5 
HAY iB2  BEEl LDI #02l  ORl  STR  R5 
BEEIB3  SEAlLDI  4iORlSTR  R5 
SEAiB4  DEEILDI  8IOR1STR 
DEE I OUT  4 
BR  CIRCLE 
PIE*  SEP  R7 
DALLY *LDI#A0fPHI 
HONEY* DEC  RFlGHI 
•  •  • 

BR  PIE 

ORG* . DOES  NOTHING!  ! 

8YBYE* IRXILDXAI SHLl LDXAI RET 
INADRjDEC  R2*  SA VI  DEC  R2I STXH  ..SAVE  ACC 
SHRClSTXO  ..SAVE  DE 
LDI #A0  J PH  I  RE I PLO  RE! SE® 

CRAZYtOEC  RElGHI  REiBNZ  CRAZY  ..1  SEC  OB 
REOlBR  BYBYE 
ORG#0200! SEOl  SEP 
ORG#05F9 1  RFO  f  crp 
ORG#0  78D* SEOl  SEP 
ORG#^" 6Bl REOl  SEP 
ORG#0AEI I SEOl  SEP 
..THESE  ARE  SKIP 
..ADDRESSES  TO  PROVE 
..MEMORY  DECODING  IS  OK 


RF I PLO 
RElBNZ 


RF! . .APPROX 
HONEY 
..1 


S  DELAY 


R9!LBR#05F9 
R9!LBR#078D 
R9I LBR#096B 
R9! LP  R#0AF 1 
R9ILBRCMBAK 
THROUGH 


-n»*t  35  of  35 , 
Iaauat  A 


V  L 
!M 

0  fi  fi  0  t 
0  i  j  0  i'i  1 

ft???  E71 
0738  6800; 

0736  C4C4  > 

073C  8o: 

073D  ECU 
073F  F  OF 6  081 
0761  e?; 

0768  387C1 
0764  64C4? 

0766  F&4  0B464 1 
0766  84*43666; 
076E  64*81 
0770  F840B4641 
0774  84*41 
0776  36741 
0778  64301 
0776  30761 
077C  F8FFB4641 
0780  8494C41 
0783  36801 
0733  33641 
0737  3083* 

0738  1 
0788  1 
0738  * 

0788  * 

0738  1 

0740  F88 363* 

0743  F380331 
0746  F8FF63* 

0748  F 3 0 1 6 3  * 

074C  F870631 
074f-  D3* 

0730  3040* 

0738  1 

03F8  76D9C  007:30* 
03FE  * 

OhF 1  7BD9C007B0* 
06F6  1 
06F6  l 
06F 6  * 

0000 

7  F*  H*  L  *  U* 


0001  ..  ♦♦♦♦••!' QMMON  LOGIC  TEST  PR0GR6MME ♦♦♦♦♦♦ 

0  008  06G«o73? 

0003  SEX  67 
0004  OUT  8*i*u0 

0003  NOP  NOP  ..  6M  I  M6STER 
0006  DEC  60 
000?  TEX  PO 
0008  LDX  6N I «  08 
0008  SEX  P7 
0010  B2  SL6VE 

0011  BEGIN!  OUT  4.«C4  ..  ISSUE  T^S.FIPE  &  GSE  8 
0018  LDI«40  PHI  P4  PLO  P4  . . 6PPR0X  400  MS  DEL6Y 
0013  DILI*  DEC  P4  GHI  P4  BNZ  DILI 
0014  OUT  4 ♦  »»98  ..  PESET  FIRE  »-  GSE  8*  ISSUE 

0013  LDI»40  PHI  P4  PLO  64  ..  INHIBIT  t  GSE  1 

0016  DIL8:  DEC  P4  5HI  P4 
0017  BN2  DIL8  ..  TIME  DEL6Y 
0013  FL6SH!  OUT  4»«50  ..RESET  INHIBIT*  T-S 
001*  THIS:  BP  THIS  ..ISSUE  GSE  1  *  8 
0  080  :l6V£!LDI*»FF  PHI  64  PLO  64 

0081  DEL6Y*  DEC  64  GHI  64  NOP  ..  6PP60X  8  SEC  DELhY 
0088  BN2  DELHY 
0083  SELF!  B8  BEGIN 
0084  B6  SELF 
0083 
0086 

0087  .  .  ♦♦♦♦•♦60M  CHECK  SET 

0088 

0088  06G«0740  .  .  60M  CHECK  SET 

0030  SEVEN:  LDI«8,i  PLO  65  .  .  6LL  6E0  I  .‘-'Cjr* 

0031  LDI«*0  ST6  P3  .. CORRECT  SET 
0038  LDIhFF  PLO  P3  ..UP  TO  ENTER 
0033  LDI«01  PHI  R3  . . B6CK GROUND  PGM. 

0034  L D I »» 7 0  PLO  63 
0033  SEP  P3 

0036  B6  SEVEN  ..ENTRY  POINT 
0037  0PG«03F* 

0038  *  «76*  «D*»  «C0*  «07*  «8D  ..NOT  USED  IN  PR06*BUT  LEFT  L'%? 
0  0  3*  06G«>06F1 

0040  • «7B*  «D9*  «C0»  «07»  «B0  ..F60M  PREVIOUS  EDITS 

0041  . . 6ND  MUST  BE  INCLUDED  FOR 

0048  ..CORRECT  P6PITY 

0043  END 
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The  COSMAC  instruction  summary  is  given  in  Tables 
I  and  II.  Hexadecimal  notation  is  used  to  refer  to  the 
4-bit  binary  codes. 

In  all  registers  bits  are  numbered  from  the  least  sig¬ 
nificant  bit  (LSB)  to  the  most  significant  bit  (MSB) 
surfing  with  0. 

R(W)  Register  designated  by  W,  where  W»N  or  X, 
orP 


K(W).0:  Lower-order  byte  of  R(W) 

RfW).  I :  Higher-order  byte  of  R(W) 

NO  *  Least  significant  Bit  of  N  Register 

Operation  Notation 

M(R(N))-D;R(N)*  I 

This  notation  means:  The  memory  byte  pointed  to  by 
RfN)  is  loaded  into  D,  and  RfN)  is  incremented  by  I 


TABLE  I  -  INSTRUCTION  SUMMARY 
by  Class  of  Operation 


Regular  Operations 


INSTRUCTION 

MNEMONIC 

OP 

CODE 

OPERATION 

INCREMENT  RS6  N 

~_E  — - 

IN 

A(N)  ♦!  — i 

DECREMENT  REG  N 

OEC 

2N 

RfN)  -1 

INCREMENT  REG  X 

IRX 

60 

RfXI  ♦! 

GET  LOW  REG  N 

GLO 

8N 

RfNI  0-0 

PUT  LOW  REG  N 

PLO 

AN 

D-R<N).0 

GET  HIGH  REG  N 

GHI 

9fi 

RfN). 1-0 

PUT  HIGH  REG  N 

PHI 

BN 

-  - 

D-RfNI.1 

Memory  Reference 


INSTRUCTION 

MNEMONIC 

OP 

COOE 

OPERATION 

LOAD  VIA  N  "  " . . . 

TON 

UW 

M<R(NH-0,  FOR  N  NOT  0 

LOAD  ADVANCE 

LDA 

4N 

MfRfNH— 0;R|NI  *1 

LOAD  VIA  X 

LOX 

FO 

MfRfXII— O 

LOAD  VIA  X  AND  AOVANCE 

loxa 

72 

MfRfXH— O;  RfX)  *1 

LOAO  IMMEDIATE 

ldi 

F8 

MfRfPM— 0;  R(P)  ♦  1 

STORE  VIA  N 

STR 

SN 

D-M(R(N(| 

STORE  VIA  X  ANO 
DECREMENT 

STXD 

73 

D— MfRfXII;  RfX)  -1 

Logic  Operations** 


- - - 

INSTRUCTION 

MNEMONIC 

OP 

COOE 

OPERATION 

OR 

OR 

FI 

MfRfXH  OR  D-D 

OR  IMMEDIATE 

ORI 

F9 

MfR(PI)  OR  D-O.  R(P(  +1 

EXCLUSIVE  OR 

XOR 

F3 

MfRfXH  XOR  D— 0 

EXCLUSIVE  OR  IMMEDIATE 

Xfll 

FB 

MfRfPH  XOR  0-D;R(P)  *1 

AND 

ANO 

F2 

MfRfXH  AND  D-D 

AND  IMMEDIATE 

ANI 

FA 

MfRfPH  AND  D-O.  RfP)  *1 

SHIFT  RIGHT 

SHR 

F6 

SHIFT  0  RIGHT.  LSB(D»-OF 

0-MS8IDI 

SHIFT  RIGHT  WITH 

SHRC  7 

76* 

SHIFT  D  RIGHT,  L$B(D)-OF 

CARRY 

OF— MSBfDl 

RING  SHIFT  RIGHT 

RSHR  \ 

SHIFT  LEFT 

SHL 

FE 

SHIFT  0  LEFT,  MSBIOI-OF, 

O-LSB(D) 

SHIFT  LEFT  WITH 

SHLC  7 

7E* 

SHIFT  D  LEFT,  MSBfO)— OF, 

CARRY 

DF-LSB(DI 

RING  SHIFT  LEFT 

RSHL  j 

♦NOT  t  THIS  iNh  fHUCTtON  IS  ASSOCIATED  WITH  MOft*  TmAN  ONf 
MNEMONIC  t  ACM  MNEMONIC  lb  INDIVIDUALS  V  LISTED 
TmC  ARtlMMf  TIC  OPERATIONS  AND  T M|  SMlf  1  INSTRUCTIONS 
ARE  THE  ONLY  INSTRUCTIONS  THAT  CAN  AUER  THE  Of 

I  9  9 


••NOTE 
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Arithmetic  Operation*** 


INSTRUCTION 

MNEMONIC 

“T* — 
CODE 

ORE  RATION 

ADD 

ADD 

F4 

MIRIXH  *0*DF,  D 

ADD  IMMEDIATE 

AO! 

EC 

MIR(PI)  *0*OF.  D.  RIF)  *1 

ADD  WITH  CARRY 

ADC 

74 

MIRIXII  *0  'OF  >DF.  D 

ADD  WITH  CARRY 

ADCI 

7C 

MIRIP))  *0  *DF*OF,  D 

IMMEDIATE 

RIP)  ') 

SUBTRACT  0 

SO 

F5 

MIRIXII-  0-DF.  D 

SUBTRACT  D  IMMEDIATE 

SOI 

FO 

MlR(PI)  D*DF.  0.  RIP)  *1 

SUBTRACT  d  WITH 

SOB 

75 

MIRIXII-0  -  (NOT  OF  )*0F.  0 

BORROW 

SUBTRACT  0  WITH 

SOBI 

7D 

MIRIPll  D  (NOT  DFI-OF.  0. 

BORROW.  IMMEDIATE 

RIP)  >  1 

subtract  memory 

3M 

F7 

0  M(R(X))-DF.  D 

SUBTRACT  MEMORY 

SMI 

FF 

0  M(R|P))-DF.  0 

IMMEDIATE 

RIP)  •) 

SUBTRACT  memory  WITH 

SMB 

77 

0  M(RIX))-  (NOT  OFfOF.  D 

80RR0W 

SUBTRACT  MEMORY  WITH 

;v  IB! 

7F 

O-MIR(P))  -  (NOT  DF)*DF.  D 

BORROW.  IMMEDIATE 

RIP)  '! 

Branch  Instruction*  -  Short  Branch 


SHORT  BRANCH  . 

BR 

30 

M<RlP>)-R(P!  0 

NO  SHORT  BRANCH 

N8R 

38* 

RIP)  <1 

(SEE  SKP) 

SHORT  BRANCH  IF  0=0 

BZ 

32 

IF  0-0  M(R(Pt)»R(PI  0 

ELSE  RIP)  ‘1 

SHORT  BRANCH  IF 

BNZ 

3A 

IF  D  NOT  0.  MIRIP))*R|P)  0 

0  NOT  0 

ELSE  RIP)  •) 

SHORT  BRANCH  IF  OF  =  1 

BOF  1 

SHORT  BRANCH  IF  POS 

BPZ  * 

IF  OF*).  M(R(P))»R(P)  0 

OR  ZERO 

ELSE  RIP)  *) 

SHORT  BRANCH  IF  EQUAL 

BCE 

1 

OR  GREATER 

SHORT  BRANCH  IF  OF=0 

BNF 

38* 

IF  DF-0.  M(R|PI)*R(P).0 

SHORT  8HANCH  IF  MINUS 

8M  • 

ELSE  RIP)  *1 

SHORT  BRANCH  IF  LESS 

BL 

SHORT  BRANCH  IF  Q-1 

BO 

31 

IF  Q-  1.  M(R(P))-fl(PI  0 

ELSE  RIP)  ‘1 

SHORT  BRANCH  IF  0=0 

BNO 

39 

IF  Q  0.  M(RIPI)-RIP)  0 

ELSE  RIP)  -1 

SHORT  BRANCH  IF  EFI  -1 

B) 

34 

IF  EF  1  1  MIR(P)|*R(P)  0 

(  1  Vss) 

ELSE  RIP)  *1 

SHORT  BRANCH  IF  EF1-0 

BN1 

3C 

IF  EF  1=0.  M(R(P))-RIP)  0 

(o- vCc) 

ELSE  RIP!  »1 

SHORT  BRANCH  IF  E F2  =  1 

B2 

35 

IF  EF 2=  1 ,  M(R|P))*R(P).0 

( '  vss ) 

ELSE  RIP'  ♦) 

SHORT  BRANCH  IF  EF2*0 

BN2 

30 

IF  EF2*0.  MIR|P))*R(P)  0 

(0  •  Vec) 

ELSE  RIP)  *1 

SHORT  BRANCH  IF  EF3’I 

B3 

36 

IF  EF3- 1,  MIR(P))*R(P)  0 

(1  .  VSS) 

ELSI  RIP)  ♦  1 

SHORT  BRANCH  IF  EF3=0 

BN3 

3E 

IF  EF3=0,  M(R(P))-R(P)0 

(O'  vec) 

ELSE  RIP)  ‘1 

SHORT  BRANCH  IF  EF4=1 

84 

37 

IF  EF4-1  MIR(Pl)-RIP)  0 

(1  * V5S) 

ELSE  RIP)  ‘  1 

SHORT  BRANCH  IF  EF4=0 

BN4 

3F 

IF  EF4  0,  M(R(P))-R(P)  0 

(0- Vec) 

ELSE  RIP)  *1 

I  O 
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Branch  Instruction*  —  Long  Branch 


INSTRUCT  tON 

MNEMONIC 

OF 

CODE 

OPERATION 

LONG  BRANCH 

LBR 

CO 

MIR(P))-R(P>.) 

MIRIP)  ♦  U-RIPI.O 

NO  LONG  BRANCH 
(SEE  LSKP) 

NLBR 

CB* 

RIPI  +2 

LONG  BRANCH  IF  0-0 

LBZ 

C2 

IF  0-0,  M(R(P))-R(P).1 

M(RIP)  ♦  1)-R(P).Q 
ELSE  R(P)  *2 

LONG  BRANCH  IF  0  NOT  0 

LBNZ 

CA 

IF  ONOT  0.  M|R(P))— 

RIP)  1 

M|R(P)  +  1)- 
RIP1.0 

ELSE  RIP)  *2 

LONG  BRANCH  IF  OF -I 

LBOF 

C3 

IF  OP-1.  M(R(P))-*R(P).1 
MIRIP)  ♦11- 
RIP)  0 

ELSE  R(P)  +2 

LONG  BRANCH  IF  DF-0 

LBNF 

CB 

IF  OF-O,  M(R|P))-R|P).1 
MIRIP)  ♦  ))- 
RIP1.0 

else  rip)  *2 

LONG  BRANCH  IF  Q-l 

LBQ 

Cl 

IF  Q-1 ,  M|R(P|)-R(P)  1 

M|R(tf)  ♦1)-R|P).0 
ELSE  R|P)  t2 

LONG  BRANCH  IF  Q4 

LBNO 

CB 

IF  Q-0,  M|R|P))-R|P)  1 
MIRIP)  ♦11- 
RIP)  .0 

ELSE  RIP)  -2 

Skip  Instructions 


INSTRUCTION 

MNEMONIC 

OP 

COOE 

OPERATION 

SHORT  SKIP 

SKP 

38* 

RIP)  ♦) 

(SEE  NBR) 

C8* 

LONG  SKIP 

LSKP 

RIP)  *2 

(SEE  NLBR) 

LONG  SKIP  IF  0-0 

LSZ 

CE 

IF  0-0.  RIP)  *2 

ELSE  CONTINUE 

LONG  SKIP  IF  0  NOT  0 

'.SNZ 

C6 

IF  ONOT  0.  RIP)  *2 

ELSE  CONTINUE 

LONG  SKIP  IF  OF-1 

LSDF 

CF 

IF  OF-1,  R|P)  *2 

ELSE  CONTINUE 

LONG  SKIP  IF  OF-O 

LSNF 

C7 

IF  OF-O,  RIP)  *2 

ELSE  CONTINUE 

LONG  SKIP  IF  0-1 

LSO 

CO 

IF  Q-1,  R(P)  *2 

ELSE  CONTINUE 

LONG  SKIP  IF  0-0 

LSNO 

C6 

IF  0*0,  RIP)  *2 

ELSE  CONTINUE 

LONG  SKIP  IF  IE-1 

LSIE 

CC 

IF  IE-1,  RIP)  *2 

ELSE  CONTINUE 

•NO*f  THIS  INSTHuCTiON  l\  ASSUU  A  f  El»  Wi  lM  M(iM|  iMAM/NI 
MNEMONIC  '  ACM  Mhu  Ml)hn  iMMilVIUH*!  I  Y  nM(l) 
••WOT*  TNf  AUllHMl  TlC  OM  MAHONS  ANO  1h|  <.HlM  (NSTHim  I  IONS 
aac  th|  only  insi  auctions  Thai  can  a\  tim  thl  up 
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Control  InrtrucTion* 


INST  AUCTION 

MNEMONIC 

OP 

CODE 

ORCRATIOM 

"  fDLE 

IDL 

"88 

WAIT  FOR  CMA  OFl 
INTERRUPT ;  MIR(OI)— 8US 

NO  OPERATION 

NOP 

C4 

CONTINUE 

SET  P 

SEP 

ON 

N-P 

SET  X 

SEX 

EN 

N-X 

SET  Q 

SEO 

78 

1-0 

fl'cTETO 

REO 

7A 

0— Q 

SAVE 

SAV 

78 

T-MIRIXII 

PUSH  X,P  TO  STACK 

MARK 

70 

(X,PI— T ;  (X.P|— MIRI2I) 

THEN  P-X.RI2I-1 

RETURN 

RET 

70 

M<R(X»-IX.P);R(XI  *\ 

1-IE 

DISABLE 

OIS 

71 

MIRIXH-(X.P>:R<XI  +1 

0— IE 

Input-Output  Byt»  Tramfar 


INSTRUCT  ION 

MNEMONIC 

OP 

CODE 

OPERATION 

O 

c 

H 

C 

H 

OUT  1 

61 

MIRIXII— BUS;  R(X)  *1; 

N  LINES -1 

OUTPUT  2 

OUT  2 

87 

MIRIXII— BUS;  R(X)  *1; 

N  LINES -2 

OUTPUT  3 

OUT  3 

03 

MIRIX)1-8US;R(X)  *i; 

N  LINES  -3 

OUTPUT  4 

OUT  4 

04 

MIRIXII— BUS;  R(X)  *1 ; 

N  LINES  -4 

OUTPUT  5 

OUTS 

60 

MIRIXII— BUS;  R(X)  *1; 

N  LINES  -6 

OUTPUT  a 

OUT  6 

60 

M(R(XH-BUS;R(X}*1; 

N  LINES  •  6 

OUTPUT  7 

OUT  7 

07 

MIRIXII— BUS,  RIXI  ♦  !; 

N  LINES  -  7 

INPUT  1 

INP  1 

00 

BUS-M<R(X|»;  BUS-O; 

N  LINES  •  1 

INPUT  2 

ir;r  £ 

64 

3US-MIRIX)).  BUS-D. 

N  LINES  •  2 

INPUT  3 

INP  3 

7.0 

0US-MIRIXI);  BUS-O; 

N  LINES  •  3 

INPUT  4 

INP  4 

6 C 

BUS-M(RIXI);  BUS-O, 

N  LINES  *4 

INPUT  5 

INP  S 

60 

BUS-MIRIXI);  BUS-O; 

N  LINES  •  6 

INPUT  Q 

INP  0 

0E 

BUS-MIRIXI);  OUS-O; 

N  LINES  -  6 

INPUT  7 

INP  7 

0P 

BUS-MIRIXII,  BUS-O, 

N  LINES  •  7 

#AiO»f  f*'S  '*4THuCf*0*  IS  A*lOCi#T|OW»tM*lO«<  TmAM  ONf 
MflWlC  f  ACM  MO**iC  S  iNniVlPUAll*  l»ITCD 
fwf  A  N'TMMf  r  1C  /»#>  ««  f«ONS  AMli  '*9  S*f9t  INSTMUCTIO*#! 
AfU  fMf  OAltv  <»0*r*tfCt'ON»  IMA-  '  4*  Altf *  TN|  D* 
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maaflk  uvti  u  Assembly  Language 


In  order  co  make  programming  easier.  In  Level  II  operation*  several  of 
the  op-code  mnemonics  can  be  replaced  with  codea  that  correspond  to  their 
most  frequent  use.  Likewise,  operations  Involving  the  D  register  can  be 
done  using  D-sequence  instructions.  In  D-sequence  Instruct  tons,  special 
characters  are  used  Instead  of  op-coda  mnemonics  making  b-sequence 
instructions  similar  in  appearance  to  APL  statements.  (APL  is  a  high-level, 
programming  language) 

Executable  Statements:  Level  II 


Substitution  Instructions.  The  substitutions  for  the  op-code  mnemonics 
fall  into  two  forms.  The  mnemonics  and  their  substitutions  arc  listed  In 
Table  VI.  The  first  fora  Involves  simply  the  use  of  an  Immediate  keyword 
in  the  same  way  chat  the  mnemonic  was  used.  These  keywords  are  IDLE,  COTO, 
NOGOTO,  SKIP,  RETURN,  DISABLE,  POP,  PUSH,  SAVE,  COSTATF.,  CALL,  end  EXIT. 
EXIT  is  crested  like  e  first  class  instruction  and  CALL  la  created  like  e 
macro  cell  in  chat  it  la  followed  by  an  operand  string.  They  are  used  to 
execute  the  standard  cell  end  return  procedures.  In  order  to  use  chea,  Che 
registers  2  through  6  nut  already  be  set  aside  for  the  standard  call  and, 
return  procedure  .  They  can  be  initialised  by  using  the  Utility  Program 
UT21  built-in  subroutines,  INIT1  end  INIT2.  (Refer  to  Chapter  10).  The 
operands  of  CALL  consist  of  the  address  of  the  subroutine,  followed  by  any 
Inline  parameters  chat  die  programmer  wishes  to  pass.  EXIT  has  no  operands. 

The  second  form  consists  of  the  word  IF  followed  by  a  space,  a  BRANCH 
keyword,  another  apace,  and  the  keyword  COTO.  The  BRANCH  keywords  Indicate 
die  condition  on  which  a  branch  Is  to  take  place.  They  are  Q,  &*,  -0,  DF, 
PZ,  GE,  F.F1,  EF2,  EF3,  EF4,  NQ,  4>0,  >0,  NDF,  MINUS,  LESS,  NEP1 ,  NEP2, 

NEF3,  and  NEF4. 

immediate  V  jyword>  :  IDLE  |COT0|N0COT0| SKIP  IRETURN 

I D ISABLE I POP  I  PUSH  j  SAVE IGOSTATE I  CALL  I  EX IT 
<branch  keyword>  :  :-0  Q| 4-l-0tDF |PZ |GE lEFl IEP2 |EF3 |EP4 
I NQ I 4>0 1 >0 1 NDF | MINUS  j  LESS  I HEP 1 |NEK2 |NEF3 1 N  EK4 
<8ubscltutlon>  : IF  <branch  keyword>C0T0 I Clmraediace  keyword> 

Examples: 

IDLE 

GOTO  AD DONUMS 
IK  -0  GOTO  BEGINNING 
IF  NEP4  GOTO  END 
GOST  ATE  R5 
CALL  TYPE, 'MESSAGE' 


PUSH  X 
POP  Y 


IDL 

BR  ADD_NUWS 
BZ  BKC  INN  INC 
BN4  END 
SEP  R5  “ 

SEP  R4 
DC  TYPE 
DC  'MESSAGE' 
S  I  XU  X 
LDA  Y 


I  O  b 


D-Saquence  InitructloM.  The  D-Sequence  instructions  consist  of  three 
parts,  the  load  pert,  the  manipulation  part,  and  rhe  storage  part.  What 
each  of  theaa  parts  corresponds  to  la  listed  In  T.ible  VII.  Not  all  parts 
are  needed  In  a  statement.  Any  single  part  can  hi  present  nr  all  can  be 
present.  Two  pares  can  also  be  present,  tait  If  i*>re  than  one  part  la 
present,  the  order  load,  manipulation,  and  storage  part  must  be  maintained. 

The  load  part  cells  the  assembler  what  should  be  'oaded  Into  the 
Deregister.  A  register  name  followed  by  a  .0  or  .1  Indicates  the  either 
the  low-  or  hlgh-order  byte  of  that  register  should  be  loaded  Into  D.  A 
constant.  Identifier,  or  term  In  parentheses  indicates  that  the  value  of 
chat  constant,  identifier,  or  term  should  he  loaded  Immediately  Into  the 
D-reglster.  An  <?  indicates  that  the  D-reglster  should  be  loaded  from 
memory.  If  a  register  name  follows  the  0,  then  the  byte  pointed  to  by  that 
register  Is  used.  If  no  register  name  Is  specified,  the  register  named  by 
the  X  register  used.  If  a  "  precedes  the  register  name  It  Indicates  that 
the  X-reglster  should  be  set  to  point  to  Chat  register.  If  memory  Is 
accessed  and  a  !  ends  the  load  part,  the  contents  of  the  register  used  Is 
Incremented.  If  Che  0  ends  the  load  part,  a  comment  In  parentheses  may  be 
Inserted  immediately  (without  spaces)  after  the  9. 

The  manipulation  part  tells  Che  assembler  what  la  to  be  done  with  the 
0-reglacer.  There  are  9  binary  operations  which  ran  b*-  performed  and  A 
unary  operations.  The  binary  operations  srs  ♦  (add),  -  (subtract),  — *• 
(subtract  and  negate),  ♦”  (add  with  carry),  (subtract  with  borrow), 
(subtract  and  negate  with  borrow),  .AND.  (and),  .DR.  (or),  and  .XOR. 
(exclusive  or).  The  manipulation  part  for  the  binary  operations  consists 
of  the  operator  symbol  followed  without  epacee  by  the  source  of  the  second 
operand.  Ths  source  cen  be  e  memory  location,  a  constant,  an  identifier, 
or  a  cerm  In  parsneheaea.  If  a  constant.  Identifier,  or  term  is  used,  Its 
value  la  immediately  used.  To  use  Che  memory,  an  9  immediately  follows  the 

operation  symbol.  Immsdlately  following  ths  0  there  Is  a  "  followed  by  a 

register  name.  The  X-reglster  le  sec  to  register  name  and  the  register 
points  to  the  memory  byte  that  le  used.  The  unary  operators  are  /2  (shift 
right),  *2  (shift  left),  /2"  (shift  right  circular)  or  *2”  (shift  left 
circular). 

The  storage  part  tells  ths  assembler  what  to  do  with  the  contents  of 
the  D-reglster.  All  storage  parts  begin  with  ->  (a  minus  followed  by  a 
greater  than).  If  a  register  name  followed  by  .0  or  .1  follows  the  arrow 
(->),  the  contents  are  stored  in  the  low-  or  high-order  byte  of  that 
register.  If  an  Q  follows  the  arrow,  the  contents  are  stored  in  memory. 

If  a  register  name  follows  the  9,  It  points  to  th.*  byt<*  In  memory  where  the 

D-register  contents  ere  to  be  stored.  If  no  register  name  follows  the  <?, 
Che  register  specified  by  the  X-reglster  is  used.  The  9  may  be  followed  by 
a  -  indicating  that  the  contents  of  the  register  used  ihould  be 
decremented.  If  the  -  is  used,  then  the  register  name  (if  there  is  one) 
must  be  separated  from  the  -  by  a  ".  The  X-reglster  lr  set  to  the  register 
name  given.  If  Che  9-  la  the  end  of  the  storage  pert,  then  a  comment 
within  parentheses  may  immediately  follow  the  P-. 


<lo«d  part>  :  :•  0|  <?l  i 0<regl *tar>| '  <reglster>! 

|@"<r*glecer>|0(<charactar  strlng>)l  <ragleter>.0 
I <reglscar>. 1 1 <tarm> 

<obJecc>  01 1 "<reglster> I <term> 

<operator>  :  |-“  j— +■“  |  .AND.  |  .OR.  I  .XOR. 

<manlpulatlon  part>  :  <oparator><ob  ject>|  /2 1*2 1  (2"  1*2“ 

<storage  p«rc>  -Xr*gistar>.0|-Xr*gi*tar>.  1  l-Jfkreglste^ 
|->(?“|->@-"<regiacer> I —>(#—< <charactar  at  rlng>) 

<D-seguence  ecatement>  : <load  part>  I  <aanipulatlon  part> 
l<acoraga  part>l<load  parcXmunlpulaclon  parc> 

I  <lo*d  partXscorage  parc>l  Cmanlpulatlon  partXetorage  pert> 
i<load  pertXaanlpulation  parcXstorage  part> 

Not*  that  no  apacaa  ara  allowad  between  eha  special  character* 

Involved  or  between  the  apaclal  characters  and  any  lde.it  If  ter*  or  register* 
that  are  used.  There  la  also  a  limit  on  the  length  of  a  Level  11 
scacenent.  It  may  be  contain  no  more  than  thirty-nine  character*. 


Examples: 

5->R5.0 

5 

A 

FIVE+2->R7.0 

<?N!->@-”N 

.xor.car  ret 

( F I V E+S IX ) ->0UT I L m 


LDI  5; FLO  RS 
LOI  5 
LDI  A 

LDI  FIVE; ADI  2.PL0  R7 
LOA  N;SKX  N:STXD 
XRI  CAR  RET 
LDI  I i i STR  UTILITY 


Sample  Program  Illustrating  D-Sequencae.  Fig.  13  la  a  repeat  of  Fig.  12 
theflrat  sample  program  written  in  Laval  II  assembly.  It  illustrates  the 
use  of  che  D-aequencc  statements  and  substitutions. 


Table  VI  -  Level  II  Substitution*  for  Level  I  Mnemonics 


leal  l 

JutytLII 

B1 

IP  EP1  COTO 

82 

IP  EP2  COTO 

83 

IF  EP3  COTO 

84 

IP  EP4  GOTO 

BDF 

IF  DP  COT<> 

BCE 

IF  GF.  GOTO 

8L 

IF  LESS  GOTO 

BM 

IF  MINUS  GOTO 

BN1 

IF  NEF1  GOTO 

BN2 

IF  NEF2  cirro 

BN3 

IF  KEF 3  COTO 

BN4 

IF  NEP4  coto 

BNF 

IF  NDF  GOT  0 

BNQ 

IF  NO  GOTO 

BNZ 

IF  *>0  GOTO 

IF  >0  GOT'* 

BPZ 

IF  PZ  GOTO 

BR 

GOTO 

BQ 

IF  Q  GOTO 

BZ 

IF  *-0  GOTO 

IF  -0  GOTO 

DIS 

DISABLE 

IDL 

IDLE 

LDXA 

POP 

NBR 

NOCOTO 

RET 

RETURN 

SAV 

SAVE 

SEP 

GOST  ATE 

SICP 

SKIP 

STXD 

PUSH 

SEP  R4 

CALL 

SEP  R5 

EXIT 

I  06 


i 


Symbol  level  I  At  tiffl 

Load  Pare 


e 

LUX 

H(R(X))->D 

<*’*N 

SRX  NjLDX 

N->X;M(K(X))->D 

0(COMNENT) 

LDX  .  .COM* NT 

M(R(X))->D 

?N 

LDN  N 

M(R(N) )->D  FOR  NOO 

N.O 

CLO  N 

R<N).0->D 

N.l 

CHI  N 

R(N).1->D 

0N! 

LOA  N 

M(RCN) )->D;R(N)+l->R(H) 

CONST  AWT 

LDI  CONSTANT 

A.O(CONSTANT)— >D 

9\ 

LCXA 

M(R(X) )->D;R(X)+l->R(X) 

Manipulation  Part 

+G 

ADD 

D*M(R(X) )->DF ,D 

+#"N 

SKX  N; ADO 

N->X;IWM(K<X))->OF,D 

♦CONSTANT 

ADI  CONSTANT 

©♦CONST ANT->DF ,0 

H? 

SM 

D-M(R(X))->DF.D 

-6"N 

SEX  N;SM 

N->X;D-M(R<X>)->DF,D 

-CONSTANT 

SMI  CONSTANT 

t>-CONSTANT->DF,D 

SD 

M(R(X))-D->DF,D 

-+<?"N 

SEX  N;$D 

N->X;M(R(X))-D->DF,D 

-♦CONSTANT 

SOI  CONSTANT 

CONST ANT-D->DF  ,D 

♦-$ 

ADC 

©♦M( R ( X ) )+DF->DF , D 

♦M0"N" 

SEX  N; ADC 

N->X ;  D*M<R(  X)  HDF->DF  ,D 

♦"CONSTANT 

ADC I  CONSTANT 

DfCONSTANT+DF->DF ,D 

-"<» 

SMB 

D-M(R(X)>-NDF->DF,n 

--<TN 

SEX  N;SMR 

N->X ; D-M ( R  <  X ) )-N  DF->  DF , D 

-"CONSTANT 

SMBI  CONSTANT 

D-CONSTANT-NDF->DF ,D 

-♦"0 

SDB 

M(R(X))— D-NDF— >DF ,D 

— ♦“@"N 

SEX  N; SDB 

N->X;M(R(X) )-NDF->DF,D 

-♦"CONSTANT 

SOBI  CONSTANT 

CONST ANT-D-NDF->DF ,D 

.AND. 0 

AND 

D.AND.M(R(X) )->D 

.AND.  <?"N 

SKX  N; AND 

N->X;D.AND.M(R(X))->D 

.AND. CONSTANT 

AN  I  CONSTANT 

D.ANL. CONST  ANT->D 

•  OR.(? 

OR 

D.OR.M(R(X) )->D 

,OR.@"N 

SEX  N; OR 

N->X;D.OR.M(R(X))->D 

.OR. CONSTANT 

OR1  CONSTANT 

D. OR. CONST ANT->D 

. XOR. 0 

XOR 

D. XOR. H(R(X) )->D 

.  XOR.  (?“N 

SEX  N; XOR 

N->X;D.XOR.M(R(X))->D 

.XOR. CONSTANT 

XX  1  CONSTANT 

D.XOK. CONST ANT->D 

i 


lb  y 


Tabic  VII  (cont'd) 


Symbol 


bivftL! 


Manipulation  Part 


Storage  Part 

->N.O 

->N.l 

~>(?N 

-><?- 

->0-<COMWNT) 


PLO  N 
PHI  N 
STR  N 
STXD 

SEX  N;STXD 
STXD  ..COM*WT 


J&zisn 


SHIFT  D  RIGHT  NONCIRCt'LAR 
SHIFT  D  LEFT  NONCIROM.AR 
SHIFT  D  RtCHT  CIRCULAR 
SHIFT  D  LI  FT  CIRCULAR 


D->R(H).0 
D“>R(N). 1 
D->M(R(N)) 

D->M(R(X) );R(X)-1->R(X) 

N->X;T>->M(R(X));R(X)-I->R(X) 

D->M(R(X))iR<X)-I->R(X) 


Note  1:  Wherever  an  N  appeare,  a  reglater  may  be  placed.  (R  followed 
by  a  hexadecimal  digit  or  a  hexadecimal  conatant  leea  then  10H) 

Note  2:  Wherever  the  word  conatant  appeare,  a  conatant  or  valid 
Identifier  may  be  placed. 

Note  3:  Wherever  an  9  appeare  ae  Che  end  of  a  part  (not  followed  by 
"N,  N,  or  I),  It  may  be  replaced  with  9  (comment ). 


APPENDIX  B-l 


QUALITY  DATA  SHEETS  -  Q5304 

Q5308 

05309 

Q53IO 


©l&1M#Ji  UhMTCD,  CQlNMOOK.  fftHlI Al 

OAT  A 

•MET  Mo. 

1 

OUAUTY  CWTfJQL  tU«A  SKEEf 

SHHT  Mo. 

i 

TITU::  DRAFT  ACCEPTANCE  REQUIREMENTS  FOR  3 

>3521-0)2 

1 

AND  53622-4)1  HIGH  TCMPCI IATURE  U.V.  DETECTORS 

fart  a.  tuKBJtmr  *MpnAmums 


DEFINITION 

become*  •  mortar  4mmma(  hr  KwOlw  pvfcnMRM  fading  o#  U.V.  Detector*. 

Performance  value*  hay*  boon  defined  in  eoasplianao  with  "funnel"  or  "tia rod  tofaranoa*" 
phi  I— ophy  and  fan*  fho  fallowing  aatwparte*. 

Typo  I  -  Factory  or  Production  Accogtonco  Limits 

appropriate  at  normal  omMoni  toaiparatwre  condition*. 

Typo  2  -  Receiving  bwpoctlon^or  Goto gar  Acceptance  Limit* 


Typo  2 


Quality  or  Functional  Accoptanco  limit* 

flPpvplVVt  9V  HfVIM  IVW  flVCIW  •BiIwwm  Of 


In  any  repeat  of  to d  in  two  geographical  oraac  thota  I*  oupoctod  to  bo  mum  difference 
la  to*t  ronult*.  Olfferonca*  within  tho  itotod  accuracy  of  inatrumantation  and  thaao  duo 
to  nac*p»ahl*  varkmcae  baaed  upon  time  dependency,  tfonapertotion  and  to* I  technique* 
a*a  da  dared  a*  occoptobia.  To  aieat  thaao  circumdeneet  Typo  1  limit*  utad  for  Factory 
test*  allow  a  anal  for  variation  that  thaao  u*ed  for  Typo  2  llaalt*  by  Receiving  Inspection 
and  a*  Customer  Acceptance.  Thaao  teat*  are  aarrlad  oat  at  normal  ambient  temperature 
condition*. 

Funding!  limit*  at  aanomat  of  aparatlng  condltlomora  datgrmlnod  and  declared.  From 
time  to  Ham  quality  audit  tad*  may  be  carried  out  and  performance  character ittic*  are 
amaatirod  for  namplicncc  with  values  of  the  approval  lamplo  vdilch  arc  maaawd  at 
appropriate  om frame  condition*,  particularly  with  ra*pact  to  tamparatura.  Typo  3  limit* 
cater  far  funaMcnal  accaptanaa  charaatarittia*  and  allow  a  praetor  variation  than 
Typo  2  limit*. 

Tho  correct  accoptanco  value  applicable  to  the  nature  of  the  fad  Is  do  tailed  In  a 
schedule  and  It  to  be  selected  for  too  os  appropriate .  Any  specified  teat  whore  a  single 
value  romoine  In  the  tad  is  applicable  to  Typo  1,  2  and  3  teats. 


4 

MOO 

COMNidO 

CKO 

APT 

i  7  3 

NOTE 

Cor*  should  bo  token  not  to  subject  pommmI'i  eyes  to  U.V.  radiotion 
Test  Kit,  Dotoctor  Hoods,  or  from  the  Solar  temp. 

1.  IPENTIFjCATjON 

Eoch  U.V.  dotoctor  bail  bo  given  o  untrue  aoriei  number. 

2.  FREQUENCY  Of  TEST 

i 

The  Mimli  tedb  dmM  be  aorrled  out  on  e  100%  bools  on  doted 

3.  SEQUENCE  OF  TESTS 

Type  1  Teem  -  toes.  3.2.  - 

Type  2  Teem  As  defined  In  Ubert  Hondbook 

Type  3  Tests  -  Tram  Nr*.  3.2. 


4.  ACTIONS  KEQUIIED 


All  results  dwll  be  recordi 

dall  d»ew  dw  dete  of  the 


of  the 


3.  TEST  DESCRIPTION 

3.1.  Equipment  Reeotr 


Test  Kit  -  Teel  Ne.  <#7-128  with  adopter  far  do  tec 
Solor  Simulator  (with  2  filters)  -  Tool  No.  <#7-112 
Electronic  Counter  with  1-100  tec.  goto  times. 
Digital  Voltmeter  with  1  Kv  d.c.  range. 

Calibrated  shots  cell. 


«eu«  \ 

MOO 


UMtTEO.  CO  LN  SHOOK.  ENGLAND. 


No.  Of  SHEETS 


QUALITY  CONTROL  DATA  SHEET 


DATA 
SHEET  No. 


SMMTNo. 


TITLE: 


DRAFT  ACCE  PTANCE  REQUIREMENTS  FOR  53521-012 
AND  53522-011  HIGH  TEMPERATURE  U.V.  DETECTORS 
PARLA.  lUllDJPOtY  RBQpllMVra. 


5.1.1.  Collbrotlon  of  Test  Equipment 

Tho  U.V.  aouroo  dtoil  n>lify  the  following  requirements:  - 

Whon  measured  at  tho  front  faco  of  tho  U.V.  Do  toe  tar,  Irrodianco 
at  wo vo  longth  220  nm  and  bandwidth  Iota  than  10  nm  shod  not  bo 
grootor  than  3  x  10“  emtts/c m?. 


Irrodianco  at  any  othor  wavo  longth  bo  two  on  270  and  320  nm  of  a 
bandwidth  loo*  than  10  nm  that  I  not  bo  grootor  than  10”'  wotts/cm^. 

A  5“  pen  Ilia  at  a  distance  of  4  ft.  satisfies  this  requirement. 

Tho  standard  tost  emitters  (typo  45660-201)  mounted  on  tho  tost 
equipment  (Tool  No.  607-128),  shall  be  calibrated,  to  give  tho  seme 
output  response  from  tho  reference  photocell,  as  when  that  photocell 
view*  the  above  pan  Are. 

Note:  This  aallbrotian  1s  additional  to  tho  pre-checking  calibration 

required  by  tho  tost  procedure. 


5.1.2.  Tost  Sequence 

Tho  following  tests  dtoll  bo  performed  in 


5.2.  Sensitivity 

The  calibrated  photocell  shall  be  mounted  in  the  Test  Kit,  Tool  No.  607-128, 
the  positive  terminal  in  the  At-  position.  The  applied  voltage  shall  be  320V 
-  5v. 


The  count  rate  from  the  reference  photocell  shall  be  used  in  conjunction  with 
Table  1  to  compute  the  radiation  foiling  on  the  photocell,  and  the  acceptance 
value  for  the  detector  heed  on  test . 

5.2.1.  Sensitivity  os  o  Function  of  Gas  Leohogs 


Tho  applied  voltage  of  the  cell  on  tost  dial  I  be  reduced  to  -  (See  5.6. 
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5.2.1.  Sensitivity  os  q  Function  of  Go*  Loohogo  (contd.) 

The  voltage  to  test  emitter  dtoll  bo  switched  OFF . 

After  a  minimum  period  of  5  seconds,  do  tost  emitter  sholl  bo 
switched  on. 

Tho  count  rato  from  the  do  toe  tor  on  to a  iholl  bo  greater  than 
5  evltes/tec. 


5.3.  Sol  of  lmmun..» 

With  a  suppl  y  voltage  of  320V  -  5V  applied,  tho  do  toe  tor  an  toot  shall  bo 
exposed  to  a  tolar  lamp  (&7- 112).  Tho  electrode*  of  tho  coll  iholl  bo 
2.5"  -  0.25"  from  tho  lamp  flltor. 

Tho  count  rote  shell  bo  Iom  then  •  (Soo  poro.  5.) 

5.4.  U.V.  Emlttor  Toot 


5.4.1.  Low  Voltage  Oporotlon 

Tho  veltogo  iholl  bo  set  to  -  (Soo  poro.  5.  )  Tho  omlttor  iholl 

bo  switched  on,  and  tho  discharge  of  tho  or  »ter  observed  to  occur 
across  tho  narrowed  gap  of  the  electrodes,  a  period  of  not  loss 
than  30  seconds. 

5.4.2.  High  Voltopo  Oporotlon 

Tho  oppllod  voltage  shall  bo  sot  to  320V  -  5V .  Tho  omlttor  iholl 
bo  iwitchod  on  and  tho  discharge  observed  to  occur  across  tho 
norrowast  gap  of  tho  electrodes,  for  a  period  of  not  loss  than 
30  seconds. 

5.5.  Insulation  Tost 


Tho  insulation  between  tho  live  pins  linked  together,  and  tho  detector 
shell  bo  not  loss  than  20  megohms,  ot  500  Volts. 
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EQUIPMENT  REQUIRED 

Test  Kit  -  697-128. 

Test  Kit  to  detector  head  adaptor. 

Callbrotod  photocell 

Pulse  Coco  tor  with  100  nc.  goto  times 

Solar  Lamp  -  Tool  No.  &?7-\  12  and  2  ft  I  ten. 

D.V.M.  widt  D.C.  1  KV  range. 


SETTING  UP  PROCEDURE  FOR  CALIBRATION 

51  and  S3  to  OFF. 

52  to  petition  8. 

54  to  position  Ft 

55  to  position  3 

56  to  position  I . 

58  to  position  OUT. 

57  to  position  2. 

Connect  INC  1  to  pulse  counter  and  SKT  **  to  DVM. 

Sot  counter  to  DC  Chorytel  A . 

Sot  pulse  counter  to  100  sac.  goto. 

Set  D.V.M.  to  suitable  rang*  (mere  than  3?  1 

59  to  2  mS. 

CALIBRATION  PROCEDURE 

Fit  oolibratod  photocell  to  test  kit  with  positive  pirn  >o  position  A,  whan  i  on 
holder  it  in  B  position. 

$1  to  position  ON .  LP|  will  illuminoto.  Allow  5  r  *tes  warm  up  time, 

D.V.M.  to  rood  320V  -  5V,  SB  to  position  IN. 

53  to  position  ON,  test  emitter  B  will  illuminate. 

Press  reset  button  on  pulse  counter. 

At  the  and  of  100  second  period,  total  counts  will  be  ^aployed.  These,  ^  >  i  in 
conjunction  with  the  coiihrwfien  certificate  and  Table  )  ascertain  the  acceptance 
level  to  be  used. 

S3  to  OFF  when  co*mts  are  displayed 
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4.  SETTING  UP  PROCEDURE  FOR  TESTING 

51  ond  S3  to  OFF. 

52  to  portion  |  - 

54  >v  posttlo.-i  Sf. 

55  to  poiltioi  I . 

So  to  position  I . 

$8  to  position  CUT. 

$7  to  position  2. 

S9  to  position  2  mS . 

Adopter  switch**  to  position  P/Cell  ond  position  A. 

Connect  odoptor  to  Test  Kit.  Connect  screen  dip  to  earthing  point  on  to t  kit. 
Connect  hood  to  b*  tested  to  odoptor  load.  Fit  hood  to  toot  kit  with  photocell  in  lino 
with  emitter  ft.  In  th*  oms  o f  a  duel  hood,  align  P/C*  1 1  A  with  emitter. 


5.  SENSITIVITY  TEST 

5.1.  Single  Hood,  ond  Channel  A  of  Pool  Hood 

SI  to  position  ON,  IP!  will  ilinsinote. 

D.V.M.  to  read  320V  -  5V. 

SS  to  position  IN. 

$3  to  ON,  test  emitter  ft  will  illuminate. 

Press  reset  button  on  pulse  counter.  The  counts  will  be  recorded  after  100  secs. 
Refer  to  acceptance  level  from  Poro .  3 . 

S3  to  OFF  after  counts  hove  been  recorded. 

5.2.  Channel  ft  of  Duol  Hood 

Switch  on  Adaptor  to  ft . 

Align  photocell  3  with  test  emitter  ft. 

S3  to  ON.  Emitter  ft  will  illuminete. 

Press  reset  button  on  pulse  counter.  The  counts  will  bo  recorded  after  100  secs. 
Refer  to  acceptance  level  from  Pore.  3. 

S3  to  OFF  offer  counts  have  been  recorded. 
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SENSITIVITY  AS  A  FUNCTION  OF  GAS  LEAKAGE 


6.1.  Channel  B  (Ouol  Hood) 


$8  to  position  OUT. 

57  to  position  4. 

D.V.M.  to  rood  280V  -  5V. 

58  to  IN  position. 

S3  to  ON  position.  Tost  emitter  I  will  Illuminate. 

Press  reset  button  an  pulse  counter.  The  counts  over  o  100  sec.  period  will  be 
recorded,  and  must  be  greoter  than  5  pulses  per  second  (pps). 

S3  to  OFF  position,  test  com  Her  will  extinguish. 


Channel  A 


Sinaia  Head 


Reposition  head  to  align  channel  A  with  test  emitter  8. 
Switch  on  oddptor  to  position  A . 

S3  to  ON  position,  test  emitter  I  will  Illuminate. 

Press  reset  button  on  pulse  counter.  The  counts  over  o  100 
recorded,  and  mutt  be  greater  than  5  p.p.s. 

S3  to  OFF  position,  test  emitter  will  extinguish. 

S8  to  position  OUT. 


sec.  period  will  be 


EMITTER  CHECK  320V 

7.1 .  Chonnol  A  (Duel  Head)  and  Single  Heed 

Adopter  switch  to  EMITTER  position. 

S7  to  position  5. 

D.V.M.  shall  read  320±  5V. 

S3  tc  position  IN. 

The  emitter  an  channel  A  will  illuminate,  and  the  dlschorge  shall  occur  across 
the  narrowest  gap  of  the  electrodes,  for  o  period  of  not  lost  than  30  toes. 

S3  to  position  OUT. 
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7.2.  Chonnel  ft  (Duoi  Hood) 

Adaptor  twitch  to  position  B. 

SB  to  position  IN. 

Ths  emitter  on  channel  B  will  Ilium  I  no  to,  and  tho  discharge  iholl  occur  across 
ths  iwrtawwt  gap  of  tho  electrodes,  far  a  period  of  net  lots  than  30  sacs. 

S8  to  position  OUT. 

8.  EMITTER  CHECK  280V 


8.1 .  Channel  B  (Dual  Hood) 

S8  to  position  OUT. 

57  to  position  6. 

O.V.M.  dioil  rood  280V  -  5V. 

58  to  position  IN . 

The  emitter  on  Channel  B  will  illuminate.  The  discharge  shall  occur  across 
narrowest  gap  of  the  electrodes,  for  a  period  of  net  lass  than  30  secs. 

St  to  position  OUT. 

8.2.  Channel  A  (Qua!  Head)  and  Single  Heed 


Switch  an  Adaptor  to  position  A. 

Switch  SB  to  position  IN. 

The  emitter  an  Channel  A  will  illuminate.  The  discharge  dial  I  occur  across  the 
narrowest  gap  of  the  electrodes,  far  o  period  of  not  lass  than  30  sacs. 

SB  to  position  OUT. 

SI  to  position  Off,  LPl  will  extinguish. 

9.  MEGGER  CHECK 
S6  to  position  2. 

Plug  a  500V  megger  Into  lockets  marked  megger,  ensure  that  the  'croc'  clip  on  the 
yellow  flyleod  is  connected  to  the  me  to!  oose  of  the  head  on  last.  The  megger  when 
energised  should  read  mere  then  20  megohms. 

10.  SOLAR 


NOTE:  Core  should  be  taken  not  to  subject  personnel  eyes  to  light  emitted  by  the 
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10.  SOLAR  (contd.) 

tolor  lamp.  Slid*  got*  on  lomp  to  b*  dosed  before  witching  iomp  on. 
10. 1 .  Channel  A  (Dual  Hoed)  and  Slngi*  Hood 


56  to  position  1 . 

SR  to  position  OUT. 

57  to  position  1 . 

Adopter  twitch  to  position  A  and  position  PHOTOCELL. 
Mount  hood  to  adaptor  on  tolar  lamp,  with  channel  A  nearett 
Turn  tolar  lamp  on  and  ollow  to  worm  up  for  5  minutes. 

SI  to  position  ON,  IP1  illuminotes. 

D.V.M.  to  read  320V  -  5V. 

Piece  cower  over  head  and  filters. 

Open  tilde  pate  on  lamp. 

SR  to  position  IN. 

Prest  reset  button  an  pulse  counter . 

The  counts  over  a  100  sac.  period  will  be  recorded,  and  must 
(See  pare.  5.6.)  . 

Close  tilde  gate  an  lamp. 

SR  to  OUT. 


10.2.  Channel  R  (Dual  Head) 


Adopter  twitch  to  position  I. 

Move  head  to  that  Channel  I  it  ne orott  source  window. 

Ploca  cover  over  heed  and  filters. 

Open  slid*  gate  on  lamp. 

SR  to  position  IN. 

Prest  reset  button  an  pul  to  counter. 

The  counts  over  a  100  sec.  period  will  be  recorded,  and  must  be  l« 

(See  para.  5.6.). 

Close  slid*  gate  on  lamp. 

SR  to  OUT. 

Disconnect  head  from  fixture. 

END  OF  TEST 
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NOTE;  If  tho  iplor  lamp  It  turrwd  off,  a  period  of  of  loot*  30  mlnulM  nwat  alopw 
bofbro  It  It  twitched  bock  on. 
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MET  A. 


1.  DIP  *4  IT  ION 


Wamfa«  Unit.  *l,lf,l,""l,U  T"*,riJ 


Typ*> 

Typ*2 

Ty»*3 


in 


with 


and  Im  Ao  follow  In#  < 

Facfory  or  Production  Acoapfonca  UmlH 


Quality  or  Functional  AmpNnw  Llmiti 


M 

Pi  p» 


SHEET  No 


QUALITY 
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TITLE: 


AQtftTANCI  REQUIREMENTS  FOR  5381  £-202  CREW  WARNING  UNIT 

FART  A 


2.  FREQUENCY  Of  TEST 

The  following  toe*  Adi  bo  oorrlod  out  at  a  frequency 


Am  all  unit*  "an  receipt"  tad 


to  definition. 


Typo  I  All  units. 


Typo  2  It  Is 


Typo  3  Those  will  bo 


Ini  rtotion  of 


Introduction  of  o  major  mod fl notion. 

CbMotion  of  production  for  6  months  or  more . 

Introduction  of  now  pro  nesses  which  may  affect  production 


of  boy 


droll  bo  solootod  at 


Typo  1  toot. 


and  dsail  perlealy 


In  midi  Hen,  sampling  tholl  bo  os  Ml 


Up  to  a  production  rote  of  100  Items  per  year,  one  item  is  to  bo  selected  annually 
for  non  dootmcMua  taming.  For  dbetraettue  tooting  onounlt  Is  to  bo  selected 


3.  ACTION  REQUIRED 


3.1 .  Far  Typo  1  tests  oil  raoulH  shell  bo 
control  un  It. 


Far  Typo  3  toots,  on  abridged  teat  report  detailing  results 
number  of  eooh  control  unit  Is  to  bo  mtaod. 


3.2.  For  Typo  1  toots  any  failure  shell  bo  reported  to  tho  Design  Authority. 

3  tests  control  unit  that  M  Is  any  port  of  tho  tests  dial  I  ho  ms 
of  failure 


An  oddlHomi  unit  ahell  bn  lok*n  for  t«t  and  dipindwt  on  moult*,  action  will 
bo  takan  to  roloooo  the  botch  and  to  media  amendment*  to  inspection  roqwiro- 
nwnti,  toot  requirements,  production  Oochwiquet  or  dei^pi  otcindordb  ao  Is 
appropriate. 


2.  0  to  30*  DC  digital  wait  motor  (DVM)  with  minimum  input  rooitlanca  of 


st  -tmo  of  DC  pernor  wpply  via  an  ommator  to  cc 
:t  tvo  of  voitmator  to  -tve  of  DC  power  ouppiy. 


3. 

Cam 

met  ttm  -vo  of  DC  pm 

Mr  wpply  to  cammct  pin  « 

wmber  5. 

4. 

Cormnet  a  3K6  muiator  bet 

moon  cammct  or  pin  numbe 

r  9  and  5. 

5. 

Cam 

met  a  3K6  roalfr  bon 

moon  connector  pin  nwmbo 

r  10  and  5. 

6. 

Cam 

met  a  3K6  maiotor  be* 

r  11  nodi. 

7. 

Com 

met  a  3K6  testator  be* 

moon  connector  pin  numbe 

r  12  and  5. 
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sheet  no. 
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4.3.  Electrical  Roqulramontt 


Note:  The  llanlta  ora  glvai  in  Mm 


Hit  limit*,  para.  S.O. 


4.3.1.  Indlcarar  Functional  Chock* 


So*  M«o  DC  rffly  la  14w. 

4.3.2.  Connect  Mm  hi  of  Mm  Mppiy  aa 
-LENGFME"  MmUdihow.  TIm  cur 


to  connector  pin  no.  1 , 
n  ihouid  bo  between 
-  1  Warn  h*  of  Mm 


lamwct  Mm  of  Mm  tuppiy 
IFIRE  D€T  FAIL*  MmuU  draw. 


Am  hi  of  *o  «*ply.  Indication  to  aonoai . 

4.3.4.  CcfMcr*  Mm  hi  of  Mm  tuppiy  •*  oommOw  to  umnedpr  pin  no.  3. 
*R  ENG  FIRE*  dmuld  draw.  The  currant  drawn  dWd  bo  between 

Mm  supply.  dteeticn  M  omooi. 

4.3.3.  Connoct  rim  ho  of  Mm  tuppiy  *»•  on  ommoior  to  conooctor  pin  no.  4. 

”R  FRf  LcT  FAIL*  dmuld  draw.  The  currant  dram  Miouid  bo  botwoon 


of  Mm  supply,  indi 


4.3.6.  Toat  Switch  Functional  Tost 


Connoct  Mm  *n  of  Mm  D.V.M.  to  connoctor  pin  number  12. 
Dopram  "FAIL  IND.  TEST"  switch  and  hold.  The  uoltOji  Indies  tod 
on  Mm  D.V.M.  bmoid  bo  within  ~ — -V  to  -——V. 

The  currant  drawn  ihould  not  eeceed— — —  mA.  Eolorao  twitch. 
Volt ape  to  equal  aupply.  Currant  to  drop  to  Zero. 
Dlweoonoot  DV1  froo  pie  12. 
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4.3.7.  Contract  tho  -vo  of  the  D.V.M.  to  oaiiMCNf  pis  nunhat  II. 

Paprao  "FAIL  INO.  TEST*  htINIi  and  hold.  Voltogi  indicated  an 
D.V.M.  ahouid  be  within  —— V  to  —• V.  The  currant  drawn  ahouid 
not  mo— d  ■  -  mA.  IiIhh  the  —Itch.  Voltage  to  oquol  auppl 
Owrrmt  to  drop  to  Zoro.  Diononnoat  DVR  fron  pin  11. 


4.3.R.  Con n— t  the  -vo  of  the  D.V.M.  to  contractor  pin  nuwher  10. 

Paprao  the  "FIRE  DET.  TEST*  —Itch  and  hold.  Volloga  Indlaotod  an 
the  D.V.M  ahouid  ho  within — — V  to  — -V.  Tho  currant  drawn 
ahodd  not  moood  — »—  mA .  RoIoom  tho  switch.  Voltage  to  equal 
mpplp.  Core— *  to  drop  to  Zoro.  Dioooonoot  DVS  fron 
pin  10. 


4.3.9.  Connect  tho  -vo  of  tho  D.V.M.  to  connector  pin  number  9. 

Pop— >  tho  "FIRE  DET  TEST"  —Itch  and  hold.  Voltogo  Indicated  on  * 

tho  D.V.M.  they  Id  bo  within  — — V  to - V.  Tho  current  drawn 

ahouid  not  mo— d— -  mA.  Roi—oe  tho  —Itch.  Voltogo  to  equal 
supply.  Ourrmt  to  drop  to  Zero.  Dleoonneot  DVR  fron 
pin  9. 


4.4.  Sot  the  wggty  to  29*  and 


i»  4.3.2.  to  4*3.9 . 


.  4.4.  toot*. 


the —o  of  DC 


tho  »*o  of  tho  DC 


auppl/  from 


auppl/  *•"* 


pin  w 


the— oof  DC 


tho  -w  of  DC 


of  D.V.M.  to  two  of  DC 


awppiy. 


4)  Sot  DC  auppl y  to  29v. 


4.4.  Contract  -vo  of  D.V.M.  to  con— ctor  pin  12. 

Dopraaa  "FAIL  INO .  TEST"  Switch,  voltogo  on  D.V.M.  ahouid  not  om 
- V .  Dleoan— ct-vo  of  D.V.M.  ham  pin  12. 
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ACCEPTANCE  REQUIREMENTS  FOR  53813-202  CRPW  WARNING  UNIT 

PART  A. 


4.6. 1 .  Connect  -tve  at  OVM  to  connector  pin  no  mb  or  i  I . 

Do  pro—  "FAIL  IND.  TEST"  twitch.  Vo  I  to  90  on  DVM  should  not 
OwC 0*4  — -V.  Dieconnoct  -tuo  of  DVM  from  pin  1 1 . 


4.6.2.  Conooct  +vo  of  DVM  to  cownoctor  pin  number  10. 

D opr 001  “FIRE  DET.  TEST".  Voltage  on  DVM  rfwwid  not 
emceed - -V.  Disconnect  -tvo  of  DVM  from  pin  10. 


4.6.3.  Connect  -tve  of  DVM  to  connector  pin  number  9. 

Depress  "FIRE  DET.  TEST".  Voltage  on  DVM  ihouid  not 
emceed - V.  DUconnoct  Quo  of  DVM  from  pin  9. 


for  pore  4.8  tea* 


tor  pin 


5  and 


4.8.  Control  Unit  Raoot  Switch  Teat* 


4.8.1.  Doproaa  ond  hold  "FAIL  IND.  TEST"  twitch.  Resistance  on 

oh —meter  should  net  oiscced - ohm.  Reieaee  "FAIL  IND.  TEST" 

awitch. 


4.8.2.  Disconnect  lood  from  pin  14  and  connect  to  pin  7.  Depress 
and  hold  "FIRE  DET.  TEST"  and  "FAIL  IND.  TEST"  switches. 
Regie  Niece  on  ohsomoter  should  not  eocood  -—ohm. 

Re  loose  "FIRE  DET.  TEST"  mid  "FAIL  IND.  TEST"  switches. 


4.8.3.  Disconnect  ieod  from  pin  5  and  connect  to  pin  14.  Depress 
and  held  "FIRE  DET.  TEST"  switch.  Resistance  on  ohnweeter 
ihouid  net  oseceed - ohm.  Ro loose  "FIRE  DET.  TEST"  switch. 


4.9.  C 


tions  for 


4.10. 


tions  from 


2)  Link  oil  connecter  pins  together. 
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ACCEPTANCE  REQUIREMENTS  FOR  538 1  >202  CREW  WARNING  UNIT 

PART  A. 


4. 10.  Intulolion  Teti 


Using  the  5QOv  DC  imwiotion  Ms  Mr,  the  resistance  m 
mmnc for  pint  and  cam  should  not  bo  toss  than  — - 


beiweon  oil 


5.  TYPE  2.  CUSTOMER  RECEIVING  TESTS 
Tools  at  Typo  I .  Para.  4. 1 .  to  4.4. 


Nolot  Tho  Had  It  ara  givon  in  Mm  tchoduia  of  lost  Had  is,  para.  8. 
6.  TYPE  3.  QUAUTY  AND  FIELD  LIMITS 

Nolo:  Tho  Had  is  ara  gluon  in  Mto  schoduit  of  lot l  Had  it  para.  8. 
6. 1 .  Non-Dotiructivo  Tools 

Tho  following  tot*  shall  bo  corrlod  awl. 


iluro  Tatis 


Typo  1  Milt  para.  4.1.  lo  4. 1C.  md  Typo  I  Hadis  apply. 

6.  3.  High  Tomporalura  Tools  +71  °C 


Ptaco  unit  undar  tail  in  an  air  circulating  temporal**#  cheaper.  Maintain 
temperature  at  +7)°C  for  3  hr*. 

C  arry  aw*  teott  of  pore.  4.3.2.  to  4.3.5.  Inclusive  at  I6vand29v. 


6.4.  tow  Taiwporotufo  Toth  »54*C 

Ploao  unit  undar  loti  in  o  refrigerated  cbomtoor.  Maintain  temperature  at 
•54°C  for  3  hrt.  Carry  aw I  Nats  of  para.  4.3.2.  lo  4.3.3.  inclusive 
ot  16v  and  29v. 


6.5.  Ropaol  room  t< 


lath  of  para.  6.2. 


cotamio 
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ACCEPTANCE  REQUIREMENTS  FOE  53813-202  CR&ff  WARNING  UNIT 

PART  A. 


6.6.  Dostructlvo  Tosts 

Tho  ioHowlog  tost*  Ml  bo  carriod  owl. 

6.7.  Room  Tsmporotoro  Tosts 

Typo  )  tool*  pore.  4.1.  to  4. 10.  on*  Typo  I  limits  apply- 

'6.8.  Hltds  Tomporoturo  Toots  +71°C 

Tho  control  unit  sholi  bo  subjected  to  the  high  temperature  tost 
requirement  of  Ml l- ST D-8 IOC,  Method  501 . 1 .  Aocedure  1  for  a 
poriod  of  48  hours.  At  tho  and  of  this  timo  tho  functional  fosts  of 
para.  4.3.2.  to  4.3.5.  should  bo  carriod  out  at  )6v  and  29v. 

6. 9.  Loss  Tomporoturo  -54^ 

Tho  control  unit  shall  bo  supjoctod  to  tho  low  temperature  tost 
requirements  *  MII-STD-810C.  Method  502.1.  Procoduro  1  for 
a  poriod  of  48  hours .  At  tho  and  of  this  timo  tho  functional  toots  of 
para.  4.3.2.  to  4.3.5.  should  bo  carriod  out  at  I6v  and  29v. 

7.0. Tomporoturo  Shock 

Tho  control  unit  shall  moot  tho  tomporoturo  shock  roqubomonts  of  Mil-5TD-8)OC 
Mothod  503,  Procoduro  1 ,  and  shell  bo  unoffoctod  by  rapid  transfer  between  tho 
following  toosporotursoi 


-54®C  to  +7I°C . 

After  this  tost  the  control  unit  should  not  hove  sustained  any  mechanical  do  mage 
and  should  moot  tho  requirements  of  paro.  4.1.  to  4. 10.  and  roam  temperature 
limits  ot  )6v  and  29v. 

7. 1  .Vibration 


Tho  control  unit  shall  moot  tho  vibration  requirements  of  Mil- ST  D-8  IOC, 
Mothod  514.2.  Procoduro  IA.  Tho  unit  shall  bo  subjoctod  to  random  vibration 
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ACCEPTANCE  KEQUKEMElfTS  FOR  5380202  CRP*  WARNING  UNIT 

FART  A. 


7. 1  .cent. 


in  ooch  of  3  mutually  porpoodicuiar  a*m.  Tho  tott  that!  bo  ovor  tho  fr oquoncy 
rang*  of  15  -  2000  Hz.  at  tho  vibration  lovoii  and  toti  riom  doioiiod  Wi 
Fig.  514.2-1 1A  and  514.2-2A  of  MIL-STD-ilOC . 

Tho  unit  thoil  function  at  roquifd  by  totti  of  para*.  4.3.2.  to  4.3.5.  during  and 

4.1.  to  4. 10.  afttr  tool. 


8.  Schodulo  of  Toth 
PARA.  I 


4.3.2. 

4.3.3. 

4.3.4. 

4.3.5. 

4.3.6. 

4.3.7. 

4.3.8. 

4.3.9. 

4.6.0. 
4.6.  i. 

4.6.2. 

4.6.3. 

4.8.1. 

4.8.2. 

4.8.3. 


) 

) 

)  I6v 
)  29v 

) 

)  16v 
)  29v 
) 


TYPE  1 

TYPE  2 

62  >«A  and  81  nA 

93  «A  and  1 12  mA 

59  imA  and  84  nA 

90  o*4  and  115  mA 

1.3v  to  2.0 

9  nA 

1 .3v  to  2.0 

16  ■* 

l.Ov  to  2.2 

10  nA 
l.Ov  to  2.2 

17  nA 

-Q.3v 

-0.35v 

0.025  ofm 
0.060  ohm 

0.025  ohm 

0.025  ohm 

0.05u  ohm 

0.025  ohm 

20  Mtgofwnt 

20  urn  gob— 

TYPE  3 


59  and  87  m 
90  a»A  and  i  18  i 


0.025  ohm 
0.050  ohm 
0.025  ohm 


COMffUO 


CKO 


DATA 
SHCET  No. 
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ACCEPTANCE  REQUIREMENTS  FOR  53813-202  CREW  WARNING  UNIT 
PART  8.  PREFERRED  GRAVINER  TEST  PROCEDURE  WITH  TYPE  I  LIMITS 


TEST  PROCEDURE  (contd . ) 


3.32.  Rood  DVM 


Volta.  Pore  4.6. 


3.33.  RoIoom  "FAIL  IND  TEST". 

3.34.  Sat  SW1  to  2. 

3.35.  Dopro«  and  held  "FAIL  IND  TEST". 


3.36.  Rood  DVM - Volta.  Pew*.  4.6.1. 

3.37.  RoIoom  "FAIL  IND  TEST". 

3.38.  Sot  SW1  to  3. 

3.39.  Doprom  and  hold  “FIRE  DET  TEST" 


Rood  DVM - Volta.  P 

RoIoom  "FIRE  DET  TEST". 


.  4.6.2. 


3.42.  Sot  AVI  to  4. 


3.44. 


and  hold  "FIRE  DET  TEST" . 
fM— —  Volta.  Para.  4.6.3. 


3.45.  RoIoom  "FIRE  DET  TEST- 

3.46.  Sot  9H\  to  OFF . 

3.47.  SotSW3tol. 

3.48.  Sot  Pt*«ar  Supply  OFF. 


3.49.  DIm 


t  Unit  fro*  Toot  Sot. 


tor  hot 


3.51.  Doprooo  and  hold  "FIRE  DET  TEST". 


3.52. 


3.53.  Roio 

3.54.  DIm 


.  4.8.1. 


•FIRE  DET  TEST". 


3.54.  Ditcormoct  ohmmotar  load  from  pin  nuataor  14  and  connoct  to  pin  nuihbor  7. 

3.55.  Doproo*  and  hold  "FIRE  DET  TEST"  <md  "FAIL  IND  TEST" . 
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ACCEPTANCE  REQUIREMENTS  FOR  538I>2Q2  CRew  WARNING  UNIT 

PART  B.  PREP  ERRED  GRAVINER  TEST  PROCEDURE  WITH  TYPE  I  LIMITS _ 

3.  TEST  PROCEDURE  (con*.) 

3.56.  RHdohMMMr - ohm.  Pwo  4.8.2. 

3.57.  teloooo  -FIRE  DET  TEST-  and  "FAIL  INO  TEST**. 

3.56.  Dloccnnoct  oh— o  tor  iood  from  pin  number  5  and  con— ct  to  pin  number  14. 
3.59.  Dopram  and  hold  •FAU.  640  TEST". 

3.40.  Rood  ad— tor - ohm.  Para  4.6.3. 

3.41.  Roloaoo  "FAIL  640  If  ST" . 

3.42.  OUconnoct  ahmmotar  from  unit. 

3.43.  Connect  unit  to  Adaptor  — — 

3.44.  Connoct  Moggor  between  cam  at  unit  and  load  of  odaptar. 

3.45.  Moggor  Iwuldloi  mltlaim  to  bo  mogohao.  Para.  4. 10. 
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ACCEPTANCE  REQUIREMENTS  FOR  U. V. A. F .O.S.  CONTROL  UNIT 
53813-203  (SYSTEM  A) 


Definition 

QSWJ  bocome*  o  matter  document  far  function  performance  totting  of  Control 
Unit  53813-203. 


Performance  values  have  been  defined  in  compliance  with  "funnel  or  tl 
tolerances"  philosophy  and  farm  the  following  categories. 


Type  I 


Type  2 


Type  3 


In  any  repeat  of  test  in  two  geographical  oreot  there  is  expected  to  be  tame 
difference  in  test  results.  Differences  within  the  state  d  accuracy  of 
instrumentation  and  those  due  to  acooptobia  variances  based  upon  time 
dependency,  transportation  and  test  techniques  are  declared  or  acceptable . 
To  moot  these  circumstances  Type  I  limits  used  for  Factory  tests  ollow  a 
smaller  variation  than  those  used  for  Typo  2  limits  by  Receiving  Inspection 
and  as  Customer  Acceptance .  These  tests  are  carried  out  at  normal  ambient 


Factory  or  Production  Acceptance  Limits 
appropriate  at  normal  ambient  temperature  conditions. 

Receiving  Inspection  or  Customer  Acceptance  Limits 
appropriate  at  normal  ambient  temperature  conditions. 

Quality  or  Functional  Acceptance  Limits 
appropriate  at  and  between  the  declared  extremes  of 
operating  temperatures . 


Functionol  limits  at  extremes  of  operating  conditions  are  determined  and 
declared .  From  time  to  time  quality  audit  tests  may  be  carried  out  and 
performance  characteristics  ore  measured  for  compliance  with  values  of  the 
approval  sample  which  are  measured  at  appropriate  extreme  conditions, 
particularly  with  respect  to  temperature .  Type  3  limits  cater  for  functionol 
acceptance  character i sties  and  allow  o  grooter  variation  then  Typo  2  limits. 

The  correct  acceptable  value  applicable  to  the  nature  of  the  tost  is  detailed 
in  o  schedule  and  is  to  bo  selected  for  use  as  appropriate.  Any  test  where 
a  single  value  remains  in  tha  text  is  applicable  to  Type  ) ,  2  o nd  3  taels. 
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TITLE;  ACCEPTANCE  REQUIREMENTS  FOR  U.V.A.F.D.S.  CONTROL  UNIT 

53813-203  (SYSTEM  A) 

(U)  Frequency  of  Test 

The  fallowing  tests  shall  be  carried  out  at  o  frequency  appropriate  to  definition. 

Type  1  All  units. 

Type  2  It  is  recommended  that  ail  units  'on  receipt'  ond  subsequently  as 

defined  in  users  procedures  and  schedules. 

Type  3  These  will  be  off  tod  out  at  opproprlote  upen:- 

Initlotlon  of  production. 

Introduction  of  o  major  modification. 

Comotion  of  production  for  thro*  month*. 

Introduction  of  now  pro  cow  or  which  may  affect  production  standard. 
Change  of  key  operator . 

(iki)  Action  Required 

iii(a)  For  Type  1  tests  all  results  shall  be  recorded  against  Serial  No.  of  each 
control  unit. 

For  Type  3  tests  an  abridged  lest  report  detailing  results  obtained  against 
Serial  No.  of  each  control  unit  is  raised. 

iii(b)  For  Type  1  tests  any  failures  shall  be  reported  to  the  Design  Authority. 

For  Type  3  tosh,  any  Control  Unit  that  foils  any  toot  or  port  of  a  tost 
shall  be  examined  to  locate  the  particular  replaceable  sub-  assembly 
cousing  the  malfunction. 

The  defective  tub-assembly  shall  bo  replaced  to  eochof  two  replacement 
sub -assemblies,  and  repeat  testing  carried  out  on  both  items. 

Subject  to  satisfactory  results  on  both  replacement  sub-assemblies, 
the  batch  of  units  can  be  released . 


A  failure  during  re-test  on  either  sub-assembly  constitutes  a  failure 
of  the  whole  batch,  and  recti f) cation/ design  modification  is  required 
before  the  batch  con  be  released. 
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ACCEPTANCE  REQUIREMENTS  FOR  U.V.A.F.D.S.  CONTROL  UNIT 
53813-203  (SYSTEM  A) 


NOTES:  Control  Unit  It  roforrod  to  a«  CCU. 

Crow  Woming  Unit  t  raforrod  to  at  CWU. 

I.  EQUIPMENT  REQUIRED  FOR  TESTS 

C obi •  form  at  pot  Figura  1 . 

400  Hz  powor  tup pi  /  (froquoncy  rang*  380  Hz  to  420  Hz) 

(voltaga  tango  102V  to  124V) 

DC  tupp ly  2  amp  (variable  16  -  30V  output) 

OC  tupply  0.5  amp  (voriobU  3  -  4  volt*  output) 

OC  tupply  0.5  amp  (8.6V) 

Gould  tforogo  otcilloocopo  OS 4000  and  2x10  prabet. 

Rotittanco  Brldgo 
4  AVO  Modal  8. 

Countar  timor  capable  of  being  +va  and  -vo  adgo  triggered  at  5V  lovalt 
ratolving  to  0. 1  mS  on  count  ranga  of  100  tact, 
a.g.  Raool  Dona  9901  and  1  x  I  probe. 

Ground  support  control  box  and  cabla  hornau  attambly  at  par  Fig.  2. 

Motor  and  Supply  Switching  Unit  oi  par  Fig.  12. 

Hoad  Simulation  Unit  at  par  Fig.  3. 

Oiada  IN400I . 

Craw  Warning  unit  part  numbor  538)3-202. 

Computer  Cord  Goidon  Rlvor  Co.  GR6243. 

Printar,  Digifoc.  Port  Numbar  6410J. 

Digital  Voltmotor  (DC  and  400  Hz  capability),  utad  in  conjunction  with  intulatod 
probat. 

Pulta  mlact  unit  at  par  Fig.  1 1  (calibratad  at  par  Appendix  2) 
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2.  CONNECTIONS 

Check  that  ail  supplies  arc  sat  to  OFF .  Connect  control  unit  to  supplies  and 
tost  equipment  at  per  Fig*  4. 


3.  INITIAL  SETTINGS 

3.1.  SI  A,  S2A,  S3  and  Sd  on  Meter  and  Supply  Switing  Unit  to  OFF . 

All  4  meters  switch  on  Meter  and  Supply  Swithing  Unit  to  A. 

3.2.  Rotary  twitch  on  GSE  control  unit  to  position  4. 

3.3.  GSE  mode  twitch  to  iN. 

3.4.  Date  twitch  to  A. 

3.5.  Computer  cord  baud  rate  tattings  to  30  chorecters/tec. 

3.4.  All  heed  simulation  unit,  FI  (fire  and  FA  fault)  switches  all  to  off. 

3.7.  Ml  and  M2  set  to  1  amp  range  AC. 

3.8.  M3  set  to  I  Amp  range  DC . 

3.9.  M4setto  10  mA  range  DC. 

3.10.  Using  DVM  set  to  200V  AC  range  switch  an  AC  supply  and  set  it  to 
124V  420  Hz  (  -  0.5V). 

3.11 .  Using  DVM  set  to  50V  DC  switch  an  Vi  and  set  it  to  29V  (  to.  IV). 

3.12.  Using  DVM  sat  to  10V  DC  twitch  on  V2  and  set  it  to  4V  (  -  0.1V). 

3.13.  Using  DVM  set  to  10V  DC  ronga,  disconnect  positive  ieod  to  V3  supply. 

Switch  on  V3,  set  it  to  5.6V  (  -  0.2V).  Switch  off  V3  and  reconnect 

positive  Ieod. 

3.14.  Head  select  switch  an  Pulse  Simulation  unit  to  OFF. 


4.  TEST  PROCEDURE 

Notes:  I )  Meter  M4  thou  id  be  observed  at  each  test  and  unless  stated 
otherwise  should  read  zero  current. 


2)  Limits  of  all  tests  are  contained  in  Appendix  I . 
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4.  TEST  PROCEDURE  (ccntd.) 

4.1.  EorthinQ  Connections 

With  CCU  disconnected,  using  resistance  bridge,  check  resistance 

between  CCU  case  ond  pin  15  of  A/C  plug,  resistance  to  be  leu  fhon - -ohne 

4.2.  Preliminary  Check  Out  (HIqH  Supply  Voltages) 

4.2. 1 .  Connect  A/C  ond  GSE  coble  forms  to  CCU  os  per  Fig.  4. 

Switch  S4  to  on.  M4  should  rood  lest  than  — — mA. 

Switch  S3  to  on.  M3  should  rood  Isms  than  — — —  rnA . 

CWU  left  hond  'FIRE  DETECT  FAIL'  lamp  to  lllusninote. 

4.2.2.  Set  S1A  and  S2A  to  on.  Note,  SIA  and  S2A  should  be  twitched 
within  1  second  of  each  other.  Observe  that  GSE  1  LEDS  on 
side  I  ond  side  2  of  Ground  Support  Control  Unit  (GSE  CU) 


indicates. 

Ml  to  indicate  less  than  — — mA , 
M2  to  indicate  less  than  — —  mA . 
M3  to  indicate  less  thon  mA. 

M4  to  indicate  zero  mA . 

4.3.  Preliminary  Check  Out 


4.3.1 .  Set  GSE  CU  mode  switch  to  OUT,  depress  and  release  reset  twitch, 
observe  that  GSE  )  LEDS  on  GSECU  flash  alternately  at  a  rate  of 
approximately  3  per  second.  GSE  2  LEDS  should  flash  olternataly 
approximately  once  every  IS  seconds. 

Observe  that  CWU  laft  hond  lamps  i.a.  *L  ENG. FIRE'  and  'FIRE 
DETECTOR  FAIL'  lamps  are  both  extinguished . 
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4.3.2.  Do  prow  ‘FIRE  DETECT  TEST1  pu«h  button  on  CWU,  *L  ENG  FIRE'  lamp 
to  Indicate  within  approximately  an*  tecond. 

RoIoom  FIRE  DETECT  TEST1  push  button  on  CWU.  ‘L  ENG  FIRE1  lamp 
to  extinguish  within  opproKimetoiy  ona  second. 

Dcprot*  ‘FAIL  IND .  TEST'  push  button  on  CWU.  laft  hand  FIRE 
DETECT  FAIL'  loan  to  show. 


4.4.  Sue 


lalao«a  FA:  IND.  TEST*  push  button  on  CWU.  loft  hand  'FIRE 
DETECT  FAIL*  lamp  to  oMtingulih. 

Currant*  -  Running  Mode 


Ml  and  M2  to  indicate  lot*  than  - mA. 

Note:  Motor  noodle  will  fit  uota  in  »>mpothy  with  time  there.  Oboorva 
a  Tempo  value. 


M3  to  indicia  to  low  than  — — — —  mA . 
M4  to  indicate  zero. 

Current*  -  Fire  Made 


Doprou  and  hold  CWU  Fire  Tott  button,  when  'L  ENG  FIRE'  lomp*  thow, 
oboerve  motor  reading*. 


Ml  and  M2  *hould  road  lot*  then 


M3  thou  id  rood  lea*  then  - - —  mA. 

M4  thou  Id  rood  zero. 

Reieooe  CWU  fire  te*t  button . 


4.4.  Preliminary  Chock  Out  (Low  $ 


Set  twitcho*  SIA/S2A,  S3  and  S4  to  OFF. 
Set  GSE  mode  twitch  an  GSECU  to  IN. 
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4.6.  Preliminary  Chock  Out  (Low  Supply  Voltooas)  (contd.) 

Ropoot  4.2  to  4.3.  indusiva  wirh  poorer  supply  tattings  as  follow*;- 
Using  OVM  Mt 

AC  supply  to  102  volt*  380  Hz  (-  0.3V) 

VI  supply  to  16  volts  DC  (  -  0.2V) 

V2  supply  to  3  volts  DC  (-  0.  IV) 

Ropoot  4.2  to  4.6  Indus! valy,  than  sat  SIA/S2A,  S3  ond  S4  to  OFF. 

4.7.  RaQuIotion  Oparotion 

Nota;  All  DC  voltogas  are  maosured  with  respact  to  pin  32  of  monitoring 
points. 

4.7.1.  Sattlngs  (Low  Supply) 

Using  DVM  sat 

VI  to  28  volts  DC  (-  0.2V) 

Sat  V2  to  3.6  volts  DC  (-  0.  IV) 

Sat  GSE  moda  switch  on  GSECU  to  IN. 

4.7.2.  Sat  switchas  S 1 A/S2A ,  S3  and  S4  to  ON. 

4.7.3.  Ragwlatian  ot  low  supply  (3.6V  roil)  sida  1 . 

With  DVM  sat  ot  10V  ronga  DC,  chad*  voltoga  ot  pin  12  of 
monitoring  points.  Voltoga  to  6a  batwaan  — - — —  volts  minimum 
ond - volts  maximum. 


4.7.4.  Ragoiotlon  at  low  supply  (3.6V  roll)  sida  2. 

Rapaot  4.7.3,  with  DVM  connactad  to  pin  18  of  monitoring  point. 
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4.7.5.  Regulation  at  low  supply  (hood  supply)  side  I . 

IEWARE  OF  HIGH  VOLTAGE  ON  THESE  TERMINALS. 

Sat  OVM  on  500V  DC  range .  Chock  voitoga  at  pin  25  of 
monitoring  point,  voitoga  to  bo  between  — — —  volt*  minimum 
and  — — —  volt*  maximum. 

4.7.6.  Regulation  at  low  supply  (head  supply)  side  2. 

Rapaot  4.7.5.  with  DVM  connoctad  to  pin  39  of  monitoring  point. 
Sot  twitchoa  SIA/S2A,  S3  and  S4  to  OFF . 


4.7.7. 


U*ing  DVM  sot  AC  supply  to  124V  420  Hs.  Rapaot  4.7.2.  to 
4.7.4  Inclusively. 


4.8.1.  Sottlngi  for  Power  Up  Tima  Doloy 

With  Switches  SIA/S2A,  S3  and  S4  to  OFF  set 
AC  supply  to  400  Hz  1 15V  (t  0.5V). 

Set  oscilloscope  time  base  to  0.2  secs/cm,  channel  I  and  2  amps, 
to  0.2V cm  triggering  to  positive  edge  channel  I .  Set  stored 
trigger  point  to  J  trace . 


Set  channel  I  and  2  to  DC  mode. 


Set  storage  made  to  ROLL. 

Set  GSE  mode  switch  to  IN . 

Switcho  n  oscilloscope  and  odjust  it  such  that  chonnel  1  trace  Is  ot 
mid  screen  and  chonnel  21s  }  cm  above  bottom  of  screen . 
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4.8.2.  Connections  for  Powor  Up  Time  Deloy 

Connect  CHI  to  terminal  block  monitoring  point  23. 

Connect  CH2  probe  to  terminal  block  monitoring  point  12. 

All  probe  return*  ore  connected  to  p.n  32  of  monitoring  point. 

4.8.3.  Power  Up  Time  Delay  (Side  1} 


4.8.3. 1 .  With  oscilloscope  trigger  armed  twitch  on  system  power 
in  the  order  S3  and  S4,  S1A/S2A  obeerve  waveform 
a*  per  Fig.  5. 

Note:  If  oscillcecope  doe*  not  trigger,  odjutt  trigger 

level  in  conjunction  with  totting  SIA,  S2A  to  off, 
re -arming  trigger  and  totting  SI  A/S  IB  bock  to  ON. 


Meo tore  time  delay  between  riting  edge  of  channel  I  and  2 
at  thown  in  Fig.  5. 

Set  SIA/S2A,  S3  and  $4  to  OFF . 

4. 8. 3. 2.  Power  up  Time  Deloy  (Side  2) 

Repeat  4.8.3. 1 .  but  with  Channel  I  probe  connected  to 
terminal  block  monitoring  point  41  and  Channel  2  probe 
connected  to  monitoring  point  18. 

Remove  oeclllotcope  probet  from  monitoring  point. 

4.8.4.  Sottingt  for  Time  Shore  Timing 
Switch  on  timer  counter. 

Set  GSE  mode  twitch  to  OUT,  4 

Sat  timer  for  positive  edge  ttart,  positive  edge  stop  such  that 
500  mS  can  be  measured. 

4.8.5.  Connections  for  Time  Shore  Timing 

Connect  timer  probe  to  monitoring  paint  pin  23. 

Probe  return  connected  to  monitoring  point  pin  32. 
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4.8.5.  Sid*  1  Tim*  Shof 

4. 8.5.1.  Set  S1A/S2A,  S3  and  S4toON. 

System  to  function  at  par  4.3.1 . 

4. 8. 5. 2.  Obtorvo  period  of  timer,  time  to  be  b#  ween  ———tecs, 
minimum  and  — —tact  maximum. 

4. 8. 6. 3.  Re-talect  for  negative  edge  ttop  and  rood  timer. 

Time  to  be  - — - - tecs,  minimum  and  — - -  tact. 

maximum. 

4.8.7.  Side  2  Time  Shore 

Repeat  4.8.5.  with  timer  probe  connected  to  monitoring  point  41 . 

4.8.8.  Connections  and  settings  for  Self  Tost  Timer 

Connect  timer  probe  to  monitoring  point  pin  3. 

Select  timer  for  positive  edge  start,  positive  edge  stop.  Select 
timer  range  to  cover  a  20  second  period. 

4.8.9.  Side  1  Self  Test  Timing  (Period) 

Observe  period  of  timer,  time  to  be  between - - secs. 

minimum  and  — - - sacs,  maximum. 

4.8.10.  Side  1  Self  Test  Timing  (Duration) 

Reselact  timer  for  positive  edge  start,  negative  edge  stop  and 

observe  period  of  timer.  Time  to  be  between - - secs. 

minimum  and  -------  sect,  maximum. 

4.8.11.  Side  2  Self  Test  Timing 


Repeat  4.8.8.  to  4.8. 10.  but  witfi  timer  probe  connected  to 
monitoring  point  pin  5. 
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4.8.11.  Sido  2  Solf  To* I  Timing  (contd.) 

Romo vo  timor  probo  from  monitoring  point. 

Ground  Support  Voltoflo  Lino* 

Noto:  All  DC  voltogo*  oro  monitorod  with  roopoct  to  pin  32  of 

monitoring  point. 

4.9.1.  Sotting! 

With  powor  on  from  proviout  tost,  GSE  modo  twitch  on  GSECU  to  IN. 
DoproM  ond  rolooto  roMt  button  on  GSECU. 

Oboorvo  thot  GSE1  LEDS  on  sido  1  ond  2  light. 

4.9.2.  Syitom  Ooflnition  Cormoction 

With  DVM  tot  on  )0V  DC  rango,  chock  voltogo  at  pin  27  of 

monitoring  point*,  voltogo  to  bo  botwoon - —  volt*  minimum 

ond  — — —  volt*  maximum. 

4.9.3.  Rattory  Monitoring  Point 

With  DVM  tot  to  10V  rango  chock  voltogo  at  pin  37  of  monitoring 

point,  voltogo  to  bo  botwoon  * - - —  volt*  minimum  and 

— — —  volt*  maximum. 

4.9.4.  1 15V  Food*  to  GSE  (Sido  1) 


RE  WARE  Of  HIGH  VOLTAGE  ON  THESE  TERMINALS. 

Sot  DVM  to  200V  AC  rongo  and  connoct  probo*  to  pin*  10  and  1 1 
of  monitoring  point. 

Oboorvo  DVM  rooding  botwoon  — -  volts  maximum  and 

........  volt*  minimum.  Sot  S2A  to  OFF  and  oboorvo  thot  DVM 

voltogo  dooo  not  chango. 

Rotum  S2A  to  ON. 
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4.9.5.  115V  Fee ds  to  OSE  (Sid*  2) 


BEWARE  OF  HIGH  VOLTAGE  ON  THESE  TERMINALS 

Set  OVM  to  200V  AC  rang*  and  cannoct  probes  to  pint  19  and  20 
of  monitoring  points. 

obsorva  DVM  reading,  voltage  to  be 

between - volts  maximum  and - volH  minimum. 

Set  S1A  to  OFF  ond  observe  that  OVM  -oitoge  does  not  change. 
Return  S1A  to  ON. 


4.10.  Check  Point  Monitoring 


4.10.1.  Settings  ond  Connections 

Set  GSE  mode  switch  to  OUT  on  GSECU. 

Depress  and  release  reset  switch  on  GSECU. 

Set  DVM  to  50  volt  range  DC. 

Connect  DVM  positive  to  pin  28  and  negative  to  pin  32  of 
monitoring  point. 

4.10.2.  Check  Point  1 

DVM  reading  to  be  zero. 

Depress  'FIRE  DETECT  TEST'  pusJi  button,  'LEFT  ENG.  FIRE* 
lamp  to  indicate,  DVM  reading  to  be  between  -------  volts 

minimum  and  volts  maximum. 

Release  'FIRE  DETECT  TEST'  push  button. 

4.10.3.  Check  Point  2 

Repeat  4.10.2.  with  DVM  positive  connected  to  pin  29  of 
monitoring  points. 

4.10.4.  Check  Point  3 


Connect  DVM  to  pin  35  of  monitoring  points. 
DVM  reading  to  be  zero  volts. 
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4.1 1 .3.1 .  Connections  and  Settings  (contd.) 


Set  trigger  to  CHI  (positive  edge). 

Set  dispioy  mode  to  ROLL . 

Set  time  base  to  0. 1  *eca/ cm . 

Set  "stored"  trigger  point  to  i  trace. 

Connect  chennei  1  probe  to  pin  23  of  monitoring  point. 
Connect  chonnel  2  probe  to  pin  3  of  monitoring  point. 
Connect  probe  return  line*  to  pin  32  of  monitoring  point. 

4. 11 .3.2.  Side  1  Timing  of  Common  Logic  To*t 

Set  S1A/S2A,  S3  and  S4  to  ON. 

Oppress  end  hold  reset  button  on  GSECU. 

Arm  oscilloscope  trigger  and  release  reset  button  2 
second*  later. 


Waveform  to  be  a*  Fig.  6. 

Note:  If  oscilloscope  does  not  trigger  odjust  trigger  level 

in  conjunction  with  depressions  of  GSECU  reset  switch  and 
rearming  of  oscilloscope  trigger. 

Take  measurement*  of  1 1  ond  t2 . 

Set  SIA/S2A,  S3  and  S4  to  OFF. 

4. 1 1 .3.3.  Side  2  Timing  of  Common  Logic  Test 


Connect  channel  1  probe  to  pin  4)  of  monitoring  point. 
Connect  channel  2  probe  to  pin  6  of  monitoring  point. 
Repeat  4. U  .3.2. 

4.11.3.4.  Inter  Chonnel  Timing  (Connections) 


Connect  channel  I  probe  to  pin  23  of  monitoring  point. 
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4.11.3.4  Intarchonnal  Timing  (Connactiont)  (Contd.) 

Connact  chonnal  2  proba  to  pin  41  of  monitoring  point. 

Sat  tima  baaa  to  0.5  tact/c m.  Sat'ttomd  triggor* point  to  4  toala. 


4.11.3.5  Intarchonnal  Timing 

Sat  S1A/S2A,  S3  and  S4  to  ON.  Arm  otcillotcopa  triggar. 
Daprots  and  bold  ratat  button  on  GSECU  for  5  »acondi. 
Ralaaaa  raaat  button  on  GSECU. 

Wovaform  to  ba  ot  Fig. 7.  taka  maoturamant  t. 

Ram  ova  otcillotcopa  probat. 


4.11.4.  ftocktyound  Progromma  Tatt 

Salact  position  5  on  GSECU  rotary  twitch. 

Papraai  and  ralaaaa  raaat  button. 

Aftar  5  aacmda  no  LEDS  to  show  on  GSECU. 

4. 1 1  .5.  Id! a  Prog  rowmt  TatK 

Salact  position  C  on  GSECU  rotary  twitch. 

Dapraat  and  ralaaaa  raaat  button. 

Obaarva  that  ttda  I  and  tida  2  GSE1  ond  2  LEDS  on  GSECU  show. 

4.11.6.  Doto  Ratantion  Tatt . 

Sat  S4  to  OFF .  Salact  position  2  on  GSECU  rotary  twitch. 

Da  prats  and  ralaaaa  raaat  button. 

Obaarva  that  tida  I  and  tido  2  GSE1  LEDS  on  GSECU  light. 

Salact  position  3  on  GSECU  rotary  twitch,  dapraaa  ond  ralaaaa  raaat 
Dutton. 

Obtarva  rhot  tida  1  ond  tido  2  GSE1  ond  GSE2  LEDS  on  GSECU  light. 
Ratal  act  p  as  in  on  2  on  GSECU  rotary  twitch,  dapraat  ond  rafooao  raaat 
button . 

Obaarva  thot  S14o  1  t  2  tat  0311  LBS* a  on  03KU  light. 

Sat  SI A/S2A  ond  S3  to  OFF.  Wait  30  taaonda. 

Salact  position  3  on  GSECU  rotary  twitch. 

Sat  S1A/S2A  and  S3  to  ON. 

Obaarva  that  only  tida  1  ond  2  GSE  1  LEDS  on  GSECU  Light. 
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4.11.6.  Doto  Retention  Test  (contd.) 


Retelect  position  2  on  GSECU  rotary  switch. 

Sat  S4  to  ON . 

Depress  and  rdleote  rssst  button  on  GSECU.  Observe  that  only  sids  1 
and  sid*  2  GSE1  LEDS  on  GSECU  light. 

Sat  S1A/S2A  and  S3  to  OFF.  Walt  30  seconds. 

Salact  position  3  on  GSECU  rotory  switch.  M4  to  road  law  thon 
- mA  maximum. 

Sat  S1A/S2A  and  S3  to  ON.  Observe  that  side  I  and  2  GSE1  and 
GSE  2  LEDS  on  GSECU  light. 

4.11.7.  Doto  Rgodout  Test 

4.  II. 7.1.  Side  1  Test 

Switch  on  V3  (supply  to  computer  card). 

Switch  an  meins  power  to  printer. 

Select  position  2  on  GSECU  rotary  switch. 

Depress  and  release  reset  switch  on  GSECU. 

Observe  that  side  1  and  side  2  GSE1  LEDS  on  GSECU  light. 

Select  position  1  on  GSECU  rotary  switch. 

Depress  and  hold  reset  switch  an  GSECU. 

Depress  and  release  S5. 

Observe  that  printer  prints  — — — - . 


switch  on  GSECU. 


Printer  should  print  as  Fig.  8. 


When  printer  stops  observe  that  GSE  I  LEDS  (tide  1  and  2) 
on  GSECU  light. 


4.11.7.2.  Side  2  Test 


Repeat  4.11.7.1.  test  but  wi  th  G  SECU  doto  twitch  set  to  B 
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4.12.3.  'ANDED*  Hood  Operation  (contd.) 


SIDE  1 

SIDE  2 

CWU 

HEAD  FIRE  SWITCHES 

HEAD  FIRE  SWITCHES 

FIRE  LAMP 

COMPILED 


CKO 


AfP 


WlWy  IU  UMtTtQ.  COUMWOQK.  |Wqi^mo 

ou*utv  contboi  data  sheet 


•HUT  Hu .  . 

•MirraY  ~~i  m*.  of  «M«rnr 


- -  wncci  I  Wf 

:  ACCEPTANCE  KBQUIRfMEHTC  cna  n  ,,  - - 1 

53813-203  {SYSTEM  A^  TS  F°*  U-V  A  F  0  -S  CONT«Ol  UNIT 

*  •  *3.3.  (  contd)  .  _  1  - - - - - 

*■  SIDE) 

IZ 

i  ? . 


limited,  colnwkxmc  cmo  la  no 


DATA 


QUAUTY  CONTROL  DATA  SHEET 


•MMT.M*. 


'la 


M*.  0$  SMUT* 


TITLE : 


ACCEPTANCE  REQUIREMENTS  FOR  U.V.A.F.D.S.  CONTROL  UNIT 
53813-203  (SYSTEM  A) 


4.12.3.  (Cool. ) 


SIDE  1  SIDE  2  CWU 

HEAD  FIRE  SWITCHES  HEAD  FIRE  SWITCHES  FIRE  LAMP 
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Not*:  All  unm*rfc*d  position*  or*  o*»um*d  to  b*  'O' 


4.12.4.  ‘ORED1  H*od  Oprotlon  Sid*  I 

4. 12.4.1 .  S*t  oil  lid*  2  h*od  fault  twitch**  to  ON. 

D*pr*M  ond  r*i*OM  GSECU  r***t  twitch  and  obo*rv* 
thot  CWU  fault  indicotion  do**  not  light  offar  th*  f)r»t 
occurr*nc*  of  GSE2  (tid*  1  and  2)  LEDS  Nothing  on 
GSECU. 
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4. 12.4.2.  Sot  tido  1  Hood  I  flreiwitch  to  ON . 

Firo  Indication  on  CWU  to  show. 

Sot  tldo  1  Hood  1  firo  twitch  to  OFF . 

Firo  Indication  on  CWU  to  OHtingulth. 

4. 12.4.3.  Repeat  4. 12.2.2.  for  Hoodi  2,  3,  4  and  8. 

4.12.4.4.  Return  lido  2  fault  iwItcHoi  I,  2,  3,  4  ond  8  to  OFF . 

4.12.5.  ‘ORED‘  Hood  Oporotlon  Sldo  2 

4.12.5.1 .  Sot  oil  lido  1  fault  iwitchoi  to  ON. 

Ooprou  ond  roiooto  GSECU  rwot  twitch,  obiorvo  that 
CWU  fault  Indication  doot  not  light  oftor  tho  firet 
occurrence  of  GSE2  (lido  1  and  2)  LEDS  (lathing  on 
GSECU. 

4. 12.5.2.  Sot  lido  2  Hood  1  firo  twitch  to  ON. 

Firo  Indication  an  CWU  to  ihow. 

Sot  lido  2  Hood  1  firo  iwltch  to  OFF . 

Firo  indication  on  CWU  to  axtinguiih. 

4. 12.5.3.  Ropoot  4.12.5.2.  for  hoodi  2,  3,  4  and  9. 

4.12.5.4.  Rotum  lido  1  fault  iwitchoi  1,  2,  3,  4  and  8  to  OFF . 

4.12.6.  Foiled  Hoodi 

Sot  tido  1  and  lido  2  Hoodi  1 ,  3  and  4  fault  iwitchoi  on  H  SI  MU 
to  ON. 

Obiorvo  that  loft  Hand  'FIRE  DETECT  FAIL'  lamp  dooi  not  light  at 
next  occurronco  of  GSE1  (tide  1  and  2)  LEDS  floihing  on  GSECU. 

Sot  tido  1  and  2  Hoodi  1,3  odd  4  foul t  iwitchoi  on  HSIMU  to  OFF . 

Sol  olio  16  2  boodi  2  6  8  fouls  ovitoboo  on  1S>ZMU  to  OS. 
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4.12.6.  Follod  Hoods  (contd.) 


Observe  thot  loft  bond  'FIRE  DETECT  FAIL*  lomp  does  not  light  ot 
next  occurrence  of  GSE2  (lido  I  and  lido  2).  LEDS  flashing  on 
GSECU. 


4.12.7. 


4. 12.7.1 .  Hoods  1  ond  2  odioeency  Sot 


Sot  oil  lido  I  ond  2  flro  and  (butt  switches  to  OFF . 


4.12.7.2.  Sot  GSE  modo  switch  on  GSECU  to  IN. 


Depress  ond  rolooio  roiot  button. 

Loft  hand  'FIRE  DETECT  FAIL'  lamp  to  bo  OFF . 
Observe  that  »ido  1  ond  lido  2  GSE  I  LEDS  on  GSECU 


Sot  hood  1  ond  2  fault  iwitchoi  on  lido  1  and  lido  2 
to  ON. 

Sot  GSE  modo  twitch  on  GSECU  to  OUT. 


Doprow  ond  rolooio  roiot  button. 

Loft  hand  CWU  'FIRE  DETECT  FAIL'  lamp  should  light 
immediately  after  the  first  occurrence  of  GSE2  (side  I 
ond  2)  LEDS  floihing  on  GSECU. 

Sot  hood  1  and  2  fault  switches  on  side  I  and  lido  2  to 
OFF. 

After  the  occurrence  of  the  next  flashing  sequence  of 
GSE  2  LEDS  (occurring  approKimotely  once  every  15 
seconds)  observe  shot  loft  bond  'FIRE  DETECT  FAIL'  lomp 
does  not  extinguish. 
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4.12.7.3.  Hood*  2  ond  3  Adjoconcy  Sot 

R#p#ot  4. 12.7.2.  oting  h#odt  2  and  3  fault  twitch#*. 

4.12.7.4.  H#odi  4  ond  8  Adiac#ncy 


Ropoat  4. 12.7.2.  uting  hood  4  ond  8  fault  twitch#*. 

4.12.7.5.  S #t  GSE  mod#  twitch  to  IN.  D#pr«u  and  r# loot#  r«*#t 
twitch. 

Ob*#rv#  thot  GSE  I  LEDS  on  tid#  1  and  tid#  2  of  GSECU 
light. 

'FIRE  DETECT  FAIL'  lontp  on  CWU  to  bo  «xtingui*h#d. 
4.12.8.  S#n»itivity  ond  Short  Circuit  H#od  Op# ration 

4.12.8.1.  Sot  Up  for  Sid#  1  Hood* 

# 

S#t  oil  tid#  1  fault  twitch#*  to  OFF . 

S#t  oil  tid#  2  fault  twitch#*  to  ON. 

S#t  *id#  I  and  2  fir#  twitch#*  to  OFF . 

Sot  SIDE  SELECT  on  puli#  t#i#ct  unit  (PSU)  to  tid#  1A. 
S#t  HEAD  SELECT  twitch  on  PSU  lo  hood  I . 

S#t  PULSE  SELECT  twitch  on  PSU  to  0. 

S#t  GSE  mod#  twitch  on  GSECU  to  OUT. 

D#prot*  and  roi#o*#  r#*#t  twitch  on  GSECU, 

Obaorv#  that  lyttom  function*  at  par  4.3.1. 

4. 12.8.2.  Fir#  Sot  (H#oo  1,  Sid#  1) 

Not#;  Allow  2  t#cond*  at  #och  twitch  position  b#for# 
ob* orvlng  r#*wlt  on  CWU. 

Sat  PULSE  SELECT  twitch  on  PSU  to  I. 

Ob*#rv#  thot  fir#  indication  on  CWU  it  not  lit. 
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4. 12.8.2.  Flf  Sot (Hood  1,  Sido  1 )  (cootd.) 

Sot  PULSE  SELECT  Switch  on  PSU  To  2. 

Obaorvo  thot  fir#  indication  on  CWU  it  not  lit. 


Sot  PULSE  SELECT  tiwtch  on  PSU  to  3. 

Obaorvo  that  firo  indication  on  CWU  it  not  lit. 
Sot  PULSE  SELECT  twitch  on  PSU  to  4  . 


Obaorvo  thot  firo  indication  on  CWU  it  lit. 


4.12.8.3.  Short  circuit  (Hood  I,  Sido  1) 

Doproaa  and  hold  thort  circuit  button  on  sonsitivity  tost 
unit. 

Obaorvo  thot  firo  indication  on  CWU  oxtinguithoa. 

Rolooao  thort  circuit  button  on  PSU. 

Obaorvo  thot  firo  indication  on  CWU  ro-lightt. 

4. 12.8.4.  Firo  Roaot  (Hood  I,  Sido  1) 

Sot  PULSE  SELECT  awitch  on  PSU  to  3. 

Obaorvo  thot  firo  indication  on  CWU  romoina  lit. 

Sot  PULSE  SELECT  awitch  on  PSU  to  2. 

Obaorvo  thot  firo  indication  on  CWU  romoina  lit. 

Sot  PULSE  SELECT  twitch  on  PSU  to  1 . 

Obaorvo  thot  firo  indication  on  CWU  oxtinguithoa. 

Roturn  PULSE  SELECT  awitch  on  PSU  to  0. 

Obaorvo  thot  firo  Indication  on  CWU  romoina  oxtinguldwd. 

4.12.8.5.  Sonaltivity  ond  Short  Circuit  Hood  Oporotion 
(Sido  1,  Hoodt  2,  S,  4,  ond  8) 


Ropoot  4.12.8.2.  to  4.12.8.4.  for  hooda  2,  3,  4  ond  8 
by  to  I  acting  roquirod  hood  on  HEAD  SELECT  switch  on  PSU 
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TITLE  :  ACCEPTANCE  REQUIREMENTS  FOR  U.V.A.F.D.S.  CONTROL  UNIT 

53813-203  (SYSTEM  A) 

4.12.8.6.  Sot  Up  for  Sido  2  Hoods 


Sot  all  tldo  2  fault  switches  to  OFF . 
Sot  all  tide  I  fault  switches  to  ON. 
Sot  SIDE  SELECT  on  PSU  to  tldo  2A. 
Sot  HEAD  SELECT  on  PSU  to  hood  I . 
Sot  PULSE  SELECT  on  >SU  to  0. 

4. 12.8.7.  Fire  Sot  (Hood  1,  Side  2) 


t  4.12.8.2. 


4.12.8.8.  Short  Circuit  (Hood  I,  Sido  2) 


t  4.12.8.3. 


4.12.8.9.  Flro  Reset  (Hood  1.  Sido  2) 


t  4.12.8.4. 


4.12.8.10.  Sensitivity  ond  Short  Circuit  Hood  Oporotion 
(Sido  2,  Hoods  2,3,4,  ond  8) 

Ropoat  4. 12.8.2.  to  4. 12.8.4.  for  hoods  2,  3,4  ond  8 
by  selecting  required  hood  on  HEAD  SELECT  switch  an 
PSU. 

4. 12.8. 1 1 .  Rotwm  HEAD  SELECT  switch  an  PSU  to  OFF . 

4.12.9.  1 15V  Powor  Foiluro 

4.12.9.1.  Sot  all  sido  I  and  sido  2  hood  FIRE  AND  FAULT  switchso 
to  OFF  .  Dopross  and  rolooso  rosot  switch  on  GSECU. 

Obsorvo  that  systom  is  functional  as  per  paras.  4.3.1 . 
and  4.3.2. 
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4. 12.9 .2.  Side  1  Power  Failure 
Set  SIA  To  OFF. 

Observe  That  GSE  1  and  2,  tide  1  LEDS  on  GSECU 
extinguish. 

GSE  1  and  2,  tide  2  LEDS  continue  To  flash  as  per 
4.3.1. 


Carry  out  funeTionol  TesT  ot  per  4.3.2. 
Set  side  2,  heed  1  fire  twitch  to  ON. 
Observe  thot  CWU  fire  lamp  it  lit. 

Set  side  2,  hood  1  fire  switch  to  OFF . 


Observe  that  CWU  fire  lamp  extinguishes. 

Set  SIA  to  ON. 

Side  2,  GSE  I  and  2  LEOS  to  continue  flashing  as 
per  4.3.1 . 

Side  1,  GSE  2  LED  to  show  continuous. 


4.12.9.3.  Set  Up  for  Side  2  Power  Failure 


Set  GSE  mode  switch  on  GSECU  to  IN. 

Depress  and  release  reset  switch. 

Observe  thot  both  tide  1  and  side  2  GSE  1  LEDS  ON 
GSECU  light. 

Set  GSE  mode  switch  on  GSECU  to  OUT. 

Depress  and  release  reset  switch. 

Observe  thot  system  operates  at  per  4.3. 1 . 


4.12.9.4.  Side  2  Power  Failure 
Set  S2A  to  OFF. 

Observe  thot  GSE1  and  2  Side  2  LEDS  on  GSECU 
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4.12.9.4.  Si  do  2  Powor  Foiluie  (contd.) 


extinguifh. 

GSE  1  ond  2,  tide  1  LEDS  continue  to  flath  a*  por 
4.3.1. 


Carry  out  functional  tost  at  per  4.3.2. 

Set  tide  1  hood  1  fire  twitch  to  ON. 

Obterve  that  CWU  fire  lamp  it  lit. 

Set  tide  1  .head  1  Fire  twitch  to  OFF. 

CWU  tire  lamp  to  extinguiin. 

Set  S2A  to  ON . 

Side  I  GSE  I  and  GSE  2  LEDS  to  continue  Bathing  at 
per  4.3.1. 

Side  2  GSE  2  LED  to  thow  continuous 
Set  S1A/S2A,  S3  and  S4  to  OFF . 


4.12.10.  Retponte  to  Fire 


4.12.10.1 .  Settingt  ond  Connection! 


Set  Channel  1  and  Channel  2  amplifier*  on 
oecillotcopet  to  20V/cm. 

Connect  Channel  )  aecilloecope  probe  to  tide  1 
ED  terminal  of  HSIMU,  and  Channel  2  oscilloscope 
probe  to  tide  2  ED  terminal  of  HSIMU. 

Connect  probe  return  lines  to  pin  32  of  monitoring 
point. 

Connect  pin  28  of  monitoring  point  to  external  trigger 
input  of  oscilloscope  using  a  XI  probe. 

Set  oscilloscope  trigger  mode  to  EXT.  (positive  edge). 

Set  trigger  point  at  end  of  trace  ensuring  that  end 
trace  coincides  with  end  of  troee  graticule. 


Set  time  bote  to  0.2  tecs/em 
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4.12.10.1.  Setting*  ond  Connections  (contd.) 


Sat  S1A/S2A,  S3  ond  S4  to  ON.  Observe  thot 
system  function*  o*  por  4.3.1. 

4.12.10.2.  Response  to  Flro  (Sot) 

Note!  To  onturo  correct  result*  this  tett  should  be 

carried  out  about  3  second*  after  GSE  2  LEDS 
an  GSECU  on  both  tide*  1  and  2  have  flashed. 


With  oscilloscope  trigger  armed,  depress  and  hold 

'FIRE  DETECT  TEST'  on  CWU. 

Note:  If  oscilloscope  doe*  not  trigger,  adjust  trigger 

level  in  conjunction  with  repeat  depression* 
of  'FIRE  DETECT  TEST*  push  button,  and  re¬ 
arming  of  trigger. 

Waveform  should  be  of  the  form  of  Fig.  V. 

Measure  fire  set  timet. 

4.12.10.3.  Response  to  Fire  (Re»ot) 

Note:  To  eisure  correct  result*  this  test  should  be 
carried  out  about  3  seconds  after  GSE2  LEDS 
on  GSECU  on  both  side*  I  and  2  have  flashed. 

Select  negative  edge  EXT  trigger. 

Re-arm  oscilloscope  trigger. 

Release  'FIRE  DETECT  TEST'  switch  on  CWU. 

Observe  oscilloscope  waveform,  trace  to  be  of  the 

form  as  Fig.  10. 

Measure  fire  reset  time  t. 


4.12.10.4.  Switch  Off 

Set  SI  A,  S2A,S3  ond  S4  to  OFF.  Remove  oscilloscope 
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SCHEDULE  Of  TESTS  (contd.) 


To  »t 

Definition  Category 


4.10.2. 

4.10.3. 

4.10.4. 

4.10.5. 


4.11.3.2. 

4.11.3.3. 


4.11.3.5. 
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APPENDIX  2 

CALIBRATION  Of  pulse  simulation  box 
1.0.  EQUIPMENT  REQUIRED  FOR  TESTS 


28V  D.C.  SUPPLY  (0-5  AMP) 

2  *  OSCILLISCOPE  PROBE S  <  x  10) 

STORAGE  OSCILLISCOPE  (GOULO  OS  4  000  OR  SIMILAR) 
PULSE  SIMULATION  BOX 
NORMALLY  OPEN  BIAS  SWITCH 


2.0.  CONNECTIONS 

CONNECT  AS  PER  FlG,  A 


FIG.  A 


3XX  PULSE  CHARACTERISTICS 

3.1.  SETTINGS 

SET  28V  O.C. SUPPLY  TO  28V 
SET  CHANNEL  1  V  AMP  TO  1  V  /  cm. 

SET  CHANNEL  2  Y  AMP  TO  2 V/  cm. 

SET  TRIGGER  TO  CHANNEL  1  NEGATIVE  EDGE. 

SET'STORED  TRIGGER  POINT*  TO  Va  SCALE. 

SET  TIME  BASE  TO  0-1  mS /cm. 

SET  PULSE  SIMULATION  BOX  PULSE  SELECT  SWITCH  TO  4. 

SET  OSCILLOSCOPE  STORAGE  MODE  TO  ROIL. 

SWITCH  ON  OSC  LLOSCOPE. 

SET  CHANNEL  1  TRACE  TO  BE  AT  MIO  SCREEN. 

SET  CHANNEL  2  TRACE  TO  BE  I  cm  ABOVE  BOTTOM  OF  SCREE N. 
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3.2.  PULSE  CHARACTERISTICS  MEASUREMENT 

SWITCH  ON  26V  SUPPLY  ARM  OSCILLOSCOPE  TRIGGER.  REPEAT  DEPRESSION 
ANO  RELEASE  OF  BIAS  SWITCH  SW1  WHILST  AOJUSTING  TRIGGER  LEVEL 
UNTIL  WAVE  FORM  OF  FlG.  B  IS  OBSERVED.  NOTE  OSCILLOSCOPE  SHOULD  BE 
RE -ARMED  AFTER  EACH  SWITCH  DEPRESSION. 


VI  MAX.:  10V 
V)  MIN.  :2V 
V2  MAX.:  30V 
V2  MIN.  :  26V 
It  MAX.:  300*1  S 
ti  MIN. -  SOtiS 
t2  MAX.:  aOOiiS 
t2  Ml N.  :  100*1  S 

FIG.  B 


WAVE  FORM  SHOULD  BE  WITHIN  THE  LIMITS  OF  FlG.  B  AS  SHOWN. 


4.  0.  NUMBER  OF  PULSES 
4.  1.  SETTINGS 

SET  TRIGGER  MOOE  TO  CHANNEL  2  POSITIVE  EDGE 
SET  TIME  BASE  TO  lOmS/cm. 

4.  2.  OBSERVATION  OF  PULSES 

ARM  OSCILLOSCOPE.  REPEAT  DEPRESSION  AND  RELEASE  OF  BIAS  SWITCH. 
WHILST  AOJUSTING  TRIGGER  LEVEL.  UNTIL  WAVE  FORM  OFFIGC  IS 
OBSERVED. 
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„  1 

n 

CHANNEL! 

1 

CHA*CL  2 

5<t»<  25  mS 
10<t  2<  30  mS 
IO<  t3<  30  mS 
HKU<  30 mS 


FIG.C 


NOTE  >  OUE  TO  STORAGE  CHARACTERISTIC  OF  OSCILLOSCOPE.  PULSES  MAY  NOT  BE 
UNIFORM  IN  HEIGHT.  REPEAT  DISPLAYS  MAY  BE  NECESSARY  TO  ENSURE 
THAT  ALL  PULSES  ARE  PRESENT.  WAVEFORM  SHOULO  BE  WITHIN 
TOLERANCES  SHOWN  IN  FIG.  C 

SET  PULSE  SELECT  SWITCH  ON  PULSE  SIMULATION  BOX  TO  3.  OBTAIN 
OSCILLOSCOPE  TRACE  AS  PREVIOUSLY,  BY  DEPRESSION  OF  SW 1. 

OBSERVE  THAT  3  PULSES  ONLY  ARE  PRESENT  ON  THE  TRACE.  THE  RIGHT 
HANO  PULSE  OF  FlG.C  SHOULO  NOW  BE  MISSING- 

SET  PULSE  SELECT  SWITCH  TO  2,1  ANO  0  AND  OBSERVF.  CORRESPONDING 
NUMBER  OF  PULSES  APPEARING  ON  THE  OSCILLOSCOPE,  WHILST 
UTILISING  BIAS  SWITCH  ANO  OSCILLOSCOPE  AS  PREVIOUSLY. 

SWITCH  OSCILLOSCOPE  ANO  2«V  SUPPLY  OFF  ANO  REMOVE  TEST  CONNECTIONS 
TO  PULSE  SIMULATION  BOX. 
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TITLE  :  ACCEPTANCE  REQUIREMENTS  FOR  U.V.A.F.D.S.  CONTROL  UNIT 

53913-204  (SYSTEM  •) 


(I)  Definition 


Q  become*  o  mo  Of  docwnont  for  functionol  porformonoo  testing  of 

central  unit  53913-204. 


fohrooiN  velue*  hovo  boon  defined  In  compliance  with  "funnel  or  tiered 
talarenno*1*  phlieaephy  and  form  the  following  categories. 


Type  1  -  Factory  or  Production  Acceptance  Limit* 

appropriate  at  normal  ambient  temperature  condition*. 

Type  2  -  Rocoivimy  Inepectlon  or  Customer  Acceptance  Limit* 

appropriate  at  normal  ambient  temperature  condition*. 


Type  3 


Quality  or  Functional  Acceptance  Limit* 
appropriate  at  and  between  me  doctored  extreme*  of 


In  any  repeat  of  to*t  in  two  geographical  area*  there  it  expected  to  be  tame 
difference  in  teat  reaulti.  Difference*  within  the  (toted  accuracy  of 
instrumentation  and  thoaa  due  to  acceptable  variance*  baaed  upon  time 
dependency,  trenaporfotlon  and  teat  technique*  ora  declared  a*  acceptable . 
To  meet  theee  circueetence*  Type  I  limit*  uaed  for  Factory  te*N  allow  c 
•mailer  variation  than  thorn  used  for  Type  2  IlmiH  by  Receiving  Irapoction 
and  at  Customer  Acceptance .  Theee  toata  era  carried  out  at  norma!  ambient 
temperature  conditioner 

Functional  limit*  at  extreme*  of  operating  condition*  are  determined  and 
declared.  From  time  te  time  quality  audit  test*  may  be  carried  out  and 
performance  characteristic*  era  meeeurad  for  compliance  with  value*  of  the 
approval  temple  which  are  moe*ured  at  appropriate  extreme  condition*, 
particularly  with  ratpect  to  temperature .  Type  3  limit*  cater  far  functional 
acceptance  chorecteriitica  and  allow  a  greeter  variation  then  Type  2  limit*. 

The  correct  acceptable  value  applicable  to  the  nature  of  the  test  it  detailed 
In  a  schedule  and  it  to  be  (elected  for  uae  at  appropriate.  Any  teat  where 
a  (ingle  value  ream  he  in  the  text  )•  applicable  to  Type  ),  2,  and  3  teal*. 
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Frequency  of  Tett 


The  following  teat*  thell  bo  carried  out  at  a  frequency  appropriate  to  definition. 
Typo  1  All  unit*. 

Typo  2  It  )•  recommended  that  all  unit*  'on  rocoipt'  and  lubtoquantly  a* 
do  flood  In  man  preoeduroa  and  icheduJet. 

Typo  3  Thoao  will  bo  carried  out  m  appropriate  upon:- 

Initiation  of  production. 

Introduction  of  a  major  modification. 

Cauotlan  of  production  for  throo  month*. 

Introduction  of  now  procame*  which  may  affect  production  ttondord. 
Change  of  hoy  operator . 


(Ill)  Action  Required 

ili(a)  Far  Typo  I  teat*  oil  reaulta  aholl  bo  recorded  ogoinat  Seriol  No.  of  eoch 
control  unit. 

For  Type  3  teat*  on  abridged  teat  report  detailing  reeulti  obtained  ogainot 
Serial  No.  of  each  control  unit  It  railed. 

iii(b)  For  Type  I  teat*  eny  fell  urea  aholl  bo  reported  to  the  Dealgn  Authority. 

For  Typo  3  teata,  any  Caaba!  UMt  Hat  foil*  any  teat  or  port  of  a  teat  aholl 
bo  examined  to  locate  the  particular  replaceable  nd»  eatombly  cauelng 
the  malfunction . 

The  defective  mb 1  naaomhly  aholl  bo  replocod  to  ouch  of  two  replocemont 
aub  o— mblloa,  end  repeat  tearing  oerriod  out  on  both  Itotm. 

Subject  to  aotiafoctory  reaulti  on  both  replooomont  tub  ■oaiombllea.  the 
botch  of  unit*  eon  bo  releoaed. 

A  failure  during  re-teat  on  either  n.b  oaaombly  conatitwto*  o  foilure  of 
the  whole  botch,  and  rectifiaotiary'doalgn  modiflootion  la  required 

before  the  botch  eon  be  releoaed. 
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NOTES:  Control  unit  It  rifirad  to  os  CCU 

Crow  warning  wit  Is  referred  to  as  CWU . 

THIS  TEST  MUST  NOT  BE  PERFO*Mt  f  USING  BATTERY  CARO  43761-140  IN  PLACE 


For  flight  trial  applications  using  bottary  cord  43761-140  tort  at  par  Appendix  3. 

1.  EQUIPMENT  REQUIRED  FOR  TESTS 
Cable  form  at  par  FIG.  1 . 

f 

400  Hz.  power  top ply  (frequency  range  380  Hz  to  420  Hz) 

(voltage  range!02V  to  124V) 

D.C.  supply  2  Amp  (variable  16  -  30V  output) 

D.C.  Supply  0.5  Amp(vorloble  3-4  volte  output) 

O.C.  supply  0.5  Amp  5.6V 

Gould  Storage  Oscilloscope  OS  4000  and  two  X10  probes. 

RotliSante  Bridge 
3  x  A  VO  Modal  8 

Counter  Timer  oopobia  of  being  +ve  and  -ve  edge  triggered  ot  5V  levels,  resolving 
to  0.1  mS  on  count  range  of  ICO  sacs  a.g.  Rocol  Dana  V901  and  onaXl  probe. 

y  as  par  FIG.  2. 


Ground  support  control  box  and  cable 
Meter  and  supply  nvItebMg  unit  as  par  FIG. II . 
Hood  Simulation  Unit  as  par  FIG.  3. 


Oiode  IN400I . 

Craw  Warning  Unit  part  number  53813-202. 

Computer  Cord,  Golden  River  Co.  GR6243, 
Printer,  Dlgltoc  Port  Number  6410J. 


Digital  Voltmeter  (DC  and  400  Hz  AC  capability)  used  in  conjunction  with  Insulated  j 

probes. 
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2.  CONNECTIONS 


Chock  that  all  tuppliot  or*  Mt  to  OFF.  Connect  control  unit  to  tuppliot  ond  toot 
equipment  at  p*r  FIG.  4. 


3.  INITIAL  SETTINGS 


3.1.  SIA,  SIB,  S2A,  S3  and  S4  ON,  Motor  ond  Supply  Switching  Unit  to  OFF . 
All  4  motor  cwitcko*  an  ,  Motor  and  Supply  twitching  unit  to  B. 

3.2.  Rotary  twitch  on  GSE  control  unit  to  petition  6. 

3.3.  GSE  mod*  twitch  to  IN. 


3.4.  Dato  twitch  to  A . 


3.5.  Computer  cord  baud  rot*  tottingt  to  300  C/toc. 

3.6.  All  hood  ti mutation  unit,  FI  (flro)  and  FA  (fault)  twitchot  to  OFF. 

3.7.  M;  tot  to  I  Amp  rungs  AC . 

3.8.  M3  tot  to  I  Amp  rongo  DC . 

3.9.  M4  Mt  to  10  mA  range  DC . 


3.10.  Iking  OVM  tot  to  500v  AC  rang*  twitch  on  AC  tupply  and  tot  it  to  I24v 
420  Nx  (-  0.5v). 

3.11.  Utlng  DVM  tot  to  50v  DC  ran go  Switch  an  Vj  and  tot  it  to  29v  (-  0.2v). 

3.12.  Utlng  DVM  tot  to  )0v  DC  rang*  twitch  on  V2  and  tot  it  to  4v  (-  O.lv). 


3.13.  Utlng  DVM  tot  to  lOv  DC  rang*/  r#movo+po#itlv*  load  from  V3  tupply. 
Switch  on  tupply  and  tot  it  to  5.6v  DC  (-  O.lv).  Switch  V3  tupply  off  and 
reconnect  potitiv*  load. 

3.14.  Hood  toioct  twitch  on  Puit*  timulatian  unit  to  OFF. 


issue 


COMOtUO 


Ps 


CKO 


Z4& 


APS 


QUALITY  CONTROL  DATA  SHEET 

TITLE  :  ACCEPTANCE  REQUIREMENTS  FOR  U.V.A.F.D.S.  CONTROL  UNIT 

53813-204  (SYSTEM  ») 
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DATA  .  _  _  _ 


4. 


TEST  PROCEDURE 

Notes  ) .  Meter  M^  should  bo  observed  ot  ooeh  test  ond  unlow  stated  otherwise 
should  Mod  soro  current. 

2.  Limits  o 9  oil  tosts  an  contolnod  In  Appendix  I . 

4.1 .  Eorth  Connections 

With  CCU  disconnected,  using  resistance  bridge,  check  resistance  between 
CCU  case  end  pin  IS  of  A/C  plug,  resistance  to  be  lew  than 

4.2.  Preliminary  Check  Out  (High  Supply  Voltages) 

4.2. 1 .  Connect  A/C  and  GSE  cable  forms  to  CCU  as  per  FIG.  4. 

Switch  S4  to  ON,  M4  should  read  lew  than  — — - mA. 

Switch  S3  to  ON,  M3  should  read  lew  than  — — — --mA. 

CWU  right  hand  "FIRE  DETECT  FAIL"  lamp  to  illuminate. 

4.2.2.  Switch  S|$  to  ON,  and  observe  that  GSE  1  LED  on  Side  1  of 
GROUND  SUPPORT  CONTROL  UNIT  (GSECU)  indicates. 

M2  to  Indicate  lew  than  — — — mA . 

M3  to  indicate  lew  than  — — — mA. 

M4  to  Indicate  zero. 

4.3.  Preliminary  Check  Out 

4.3.1 .  Set  GSECU  mode  switch  to  OUT .  Depress  ond  release  reeet 

»wi  tch,  observe  that  Side  1  GSE  LED  begins  and  continues  to 
flash  after  an  initial  off  period  of  approximately  4  seconds. 

GSE  1  Side  I  LED  should  flosh  ot  a  rate  of  approximately  3  per 
second.  Side  I  GSE2  LED  on  GSECU  should  flash  approximately 
15 


Observe  that  CWU  right  hand  lamps  )  .e.  ‘R  ENG  FIRE'  ond 
'FIRE  DETECT  FAIL'  lamps  are  both  extinguished. 
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4.3.2.  Depress  'FIRE  DETECT  TEST1  push  button  on  CWU,  'R  ENG  FIRE* 
lamp  to  indicate  within  approximately  one  tecond . 

Release  'FIRE  DETECT  TEST'  push  button  on  CWU,  'R  ENG  FIRE' 
lamp  to  extinguish  within  approximately  one  second. 

Depress  ‘FAIL  IND.  TEST'  push  button  on  CWU,  Right  hand 
'FIRE  DETECT  FAIL'  lamp  to  show. 

Release  'FAIL  IND  TEST'  push  button  on  CWU,  Right  hand 
'FIRE  DETECT  FAIL'  lamp  to  extinguish. 


4.4.  Supply  Currents  -  Running  Mode 

Mj  to  indleote  less  than  — —  — mA. 

Note:  -  meter  needle  will  fluctuate  in  sympothy  with  time  share. 

Observe  overage  value. 

M3  to  indicate  less  than  — — — mA 
M4  te  Indicate  sere. 

4.5.  Supply  Currents  -  Fire  Mode 

Depress  and  hold  CWU  Fins  test  button,  wharf  R  ENG  FIRE'  lamps  show 
observe  meter  readings. 

M2  should  reed  less  then  — - — mA. 

M3  should  read  lets  then  — e»A . 

M4  should  read  sere. 

Release  CWU  FIRE  Test  button' 

4.6.  Preliminary  Check  Out  (Low  Supply  Voltages) 

Set  switches  SIR,  S3  end  S4  to  OFF . 

Set  GSE  MODE  Switch  on  GSECU  to  IN . 

Using  DVM  set  AC  t uppiy  to  102  volts  380  Hz  (-  0.5v), 

V\  supply  to  16  volts  (-  0.2v), 

V2  supply  to  3  volts,  (-  O.lv). 

Repeat  4.2  to  4.5  inclusively,  then  set  SIB,  S3  and  S4  to  OFF. 
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4,7.  Rogulotor  O  pro  Hot 


Not*:  All  DC  voi  togas  or*  meoturofwith  r**poct  ro  pin  32  of  monitoring 

polnta. 

4.7.1.  Sotting*  (Low  Supply) 

Using  DVM  Sot  AC  supply  to  1 02V  380  Hz  (-  0.5y), 

Vj  to  28  volti  (•0.2V), 

V2  to  3.4  volti  (•  O.lv). 

Sot  GSE  Mod*  Switch  on  GSECU  to  IN. 

4.7.2.  Sot  Switcho*  S  18,  S3  and  S4  to  ON. 


4.7.3.  Regulation  ot  Low  Supply  (5.6V  Roil)  Sido  1 

With  DVM  set  ot  10V  rang*  DC,  chock  voitago  ot  pin  12  of 

monitoring  point*.  Voitogo  to  bo  botwodh - -—volts  minimum 

and  — — —  volts  maximum. 


4.7.4.  Roguiotion  ot  Low  Supply  (Hood  Supply)  Sido  1 

REWARE  OF  HIGH  VOLTAGES  ON  THESE  TERMINALS. 


Sot  DVM  on  300V  DC  rongo .  Chock  voitogo  ot  pin  25  of  monitoring 

point,  voltog*  to  too  botwoon - volts  minimum  and - — 

volts  maximum. 

Sot  switch**  SIR,  S3  and  S4  to  OFF . 

4.7.5.  Sotting*  (High  Supply) 

Using  DVM  sot  AC  supply  to  124V  420  Hz. 

Ropoot  4.7.2.  to  4.7.4.  inclusively. 
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4.8.  Timing  To»r» 


4.8.1.  SaHlngi  for  pow«r  up  tin*  Alo/. 

With  rwitchot  Sift,  S3  and  S4  sot  to  OFF  sot 
AC  supply  to  400  H*  113V. 

Sat  oscilloscope  time  bote  to  0.2  secs/cm,  chonnal  1  ond  2  ompt.- 
to  0.2V/cm,  triggering  to  positive  adgo  chonnal  1 .  Stored  trigger 
point  tot  to  1  trees. 

Sat  chonnal  I  ond  2  to  DC  mod# . 

Sat  storoge  mo  da  to  ROLL. 

Switch  on  oscilloscope  ond  odjutt  chonnal  1  troca  to  ba  ot  mld-tcraen. 
Adjust  chonnal  2  troca  to  ba  l/pm  above  bottom  of  icreon. 

Set  GSE  mode  twitch  to  IN. 


Tima  Deia;* 


4.8.2.  Connection!  for 


Connect  CHI  probe  to  termtnol  block  monitoring  point  23. 
Connect  CH2  probe  to  terminal  block  monitoring  point  12. 

All  probe  returns  ora  connected  to  pin  32  of  monitoring  point. 


4.8.3.  Power  Up  Tima  Deloy  (Side  I) 

4. 8. 3. 1  With  oscilloscope  trigger  ormed  switch  on  system  power 

in  the  order  S3,  S4  ond  SIB. 

Note;  If  otcilloacopa  doet  not  trigger,  odjutt  trigger  level 
in  conjunction  with  tatting  Sift  to  OFF,  re-orming  trigger 
and  letting  Sift  beck  to  ON. 

Observe  oscilloscope  waveform  01  per  FIG.  5. 

Moo lure  time  deloy  between  rising  edge  of  channel  I  ond  2 
os  thown  in  FIG.  5. 

Switch  oFf  SIB,  S3  and  S4  and  romova  oscilloscope  probes. 

4.8.4.  Settings  for  Time  Shore  Timing 

Switch  on  timer  counter. 

Sot  GSE  mode  switch  to  OUT. 

Set  timer  for  positive  edge  start,  positive  edge  stoo  such  that  500  mS 
can  be  measured. 
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4.8. i.  Connections  for  Time  Shore  Tim) 


Connect  timer  probe  to  monitoring  point  pin  23. 
Probe  return  connected  to  monitoring  point  pin  32. 

4.8.4.  Time  Shore  Tlmi 


4.8.4. 1 .  SetStB,  S3  and  5410  ON. 

Syiteo  to  function  at  par  4.3.1 . 

4.8.4. 2.  Observe  period  of  timer,  time  to  be  between  — 
minimum  end  »— »— «eci.  menimum. 


4. 8. 4. 3.  Reaelect  for  negative  edge  stop  and  rood  timer. 

Time  to  be  between  — — aece.  minimum  end  •••• 1 


4.8.7.  Connection*  and  Setting*  for  Self  To»t  Timer 


Connect  timer  probe  to  monitoring  point  pin  3. 

Select  timer  For  positive  edge  tlort,  positive  edge  ttop. 
Select  timing  tenge  to  comer  e  20  me  end  period. 

4.8 Jl.  Self  Tear  Timing  (Period) 


period  of  timer,  time  to  be  between - *ec*.  minii 


4.8.9.  Seif  Test  Timing  (Durotion) 

Reselect  timer  for  positive  edge  start  negative  ed 
period  of  timer . 

Time  to  be  between  — — - — mu.  minimum  and 
maximum. 


stop  and  observe 


COMPIUO  P$ 
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4.10.2.  Check  Point  1 


DVM  reodlng  to  be  uro  volts. 

D epress  'FIRE  DETECT  TEST'  push  button,  'R  ENG  FIRE'  lamp  to 
Indicate,  DVM  roodlng  to  bo  between  — *—•  volts  minimum 
and  — — — -  volts  man  I  mum. 


4.10.3.  Chock  Point  2 


Repeat  4.10.2.  with  DVM  positive  connected  to  pin  29  of 
monitoring  points. 


4.10.4.  Check  Point  3 


Connect  DVM  to  pin  35  of  monitoring  paints. 

DVM  reeding  to  be  zero  volts. 

Depress  'FAIL  IND  TEST*  push  button,  right  'FIRE  DETECT  FAIL' 
Indication  to  shew. 

Observe  DVM  roodlng,  voltage  to  be  between - volts 

minimum  end  volts  maximum. 


4.10.5.  Check  Point  4 


4.11.  Ground  Su 


4  4. 10.4.  with  DVM  connected  to  pin  36  of  monitoring  points, 
t  Controlled  Tests 


4.11.1.  RAM  Test  and  Reset 

Set  GSE  Mode  switch  on  GSECU  to  IN. 

Depress  and  release  reset  button  an  GSECU. 
Observe  that  Side  1  GSE  I  LED  on  GSECU  lights. 

4.11.2.  Common  Logic  Test  (Functional 


Select  position  4  on  rotary  switch,  depress  and  release  reset  button. 
Observe  that  Side  I  GSE  >  and  2  LED's  on  GSECU  Kadi  ON  and 
OFF  In  the  following  sequence . 
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4.11.2.  Common  Logic  Test  (Functional)  (cohtd.) 


GSE  2  Side  I  (ON-OFF),  GSE  l  Side  1  (ON),  GSE2  Side  I  (ON) 


Rapeot  depression  ond  reieoso  of  reset  button,  observe  thot 
'R  ENG  FIRE1  lamp  flashes  in  sympathy  with  tho  first  floth  of  GSE  2. 
Right  hand  'FIRE  DETECT  FAIL1  lamp  should  romain  off  during  tho 
period  that  GSE  LED's  on  active. 

Set  Sift,  S3  and  S4  to  OFF . 

4. 1 1 .3.  Common  Logic  Toot  (Timi 


4.11.3.1.  Connections  ond  Settln 


Set  oscilloscope  channels  1  ond  2  amps,  to  0.2V/em. 
Set  trigger  to  CHI  (positive  edge). 

Set  dUpley  made  to  roll . 

Set  time  base  to  0. 1  secs/cm. 

Set  "stored  trigger  point"  to  4  tiece. 


Connect  Channel  1  probe  to  pin  23  ©.  monitoring  point. 
Connect  Channel  2  probe  to  pin  3  of  monitoring  point. 
Connect  probe  return  lines  to  pin  32  of  monitoring  point. 

4.11.3.2.  Side  1  Timing  of  Common  Logic  Test 


Sat  Sift,  S3  end  S4  to  ON. 

Arm  oscilloscope  trigger. 

Depress  and  release  reset  button  on  GSECU. 

Wove  form  to  be  as  FIG.  4. 

Note: 

If  oscilloscope  dees  not  trigger,  odjvat  trigger  level  in 
conjunction  with  depression  of  GSECU  reset  switch  and 
rearming  of  oscilloscope  trigger. 

Take  measurements  of  t)  ond  tj. 
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4.H.4.  Background  Proflrommo  Toot 

Soloct  position  5  on  GSECU  rotary  twitch.  Doprott  and  rolooto 
rotot  button.  Aftor  5  tocondt  no  LED't  to  show  on  GSECU. 

4.11.5.  Idlo  Propremmo  Tott 

Soloct  position  0  on  GSECU  rotary  twitch. 

Depress  and  rolooto  rotot  button . 

Qboorvo  that  tido  1  GSE  1  and  2  LED't  on  GSECU  thow. 

4.11.4.  Doto  Rotontlon  Tott 

Sot  S4  to  OFF .  Soloct  position  2  on  GSECU  rotary  twitch, 
depress  and  rolooto  rotot  button. 

Oboorvo  that  tldo  1  GSE1  LED  on  GSECU  lights. 

Soloct  position  3  on  GSECU  rotary  twitch,  doprow  and  rolaaoo 
rotot  button. 

Obtorvo  that  tldo  I  GSE1  and  GSE2  LED't  on  GSECU  lights. 
Roooloct  position  2  on  GSECU  rotary  twitch,  doprott  and  rolooto 
moot  button. 

Oboorvo  that  tldo  I  GSE)  LED  on  GSECU  lights. 

Sot  SIB  and  S3  to  OFF .  Wait  30  tocondt. 

Soloct  position  3  on  GSECU  rotary  twitch  . 

Sat  SIB  and  S3  to  ON. 

Oboorvo  that  only  tldo  1  GSE  1  LED  on  GSECU  lights. 

Roooloct  position  2  on  GSECU  rotary  twitch. 

Sot  S4  to  ON . 

Doprott  and  rolooto  rotot  button  on  GSECU.  Oboorvo  that  only 
Sido  1  GSE  I  LED  on  GSECU  lights. 

Sot  SIB  and  S3  to  OFF.  Woit  30  tocondt. 

Soloct  position  3  on  GSECU  rotary  twitch.  M4  to  road  botwoon 

mA  minimum  ond - — -  mA  maximum. 

Sot  SIB  ond  S3  to  ON.  Oboorvo  that  tldo  I  GSE  I  and  GSE2 
LED  on  GSECU  light. 
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4.11.7.  Doto  fodoot  Test 

Switch  on  V3  (supply  computar  cord) .  Switch  on  mains  power 
to  printer. 

Select  position  2  on  GSECU  rotary  switch. 

Depress  and  release  reset  switch  on  GSECU. 

Observe  that  Side  1  GSE  1  LED  on  GSECU  lights. 

Select  position  1  on  GSECU  rotary  switch. 

Depress  end  hold  reset  switch  on  GSECU. 

Depress  and  release  S5. 

Observe  that  printer  prints  — — — 

Release  reset  switch  on  GSECU. 

Printer  should  print  as  per  FlG.7. 

\Mten  printer  stops  observe  that  GSE  I  LED  (Side  I)  on  GSECU  lights. 
4.12.  System  Function  Tests 

All  fire  and  fault  Indications  refer  to  'R  ENG  FIRE'  and  right  hand  'FIRE 
DETECT  FAIL'  lamps  on  CWU. 

Note: 

These  tests  are  aarried  out  using  the  heed  simulation  unit  referred  to  as  HSIMU. 

All  references  to  Side  1  fault  and  fire  switches  refer  t  o  system  ft  side  1 . 
System  A  fault  end  fire  switches  ore  not  used. 

4.12.1.  Initialise  for  Functional  Tests 


With  system  still  powered  from  previous  tests  select  position  6  on 
rotary  switch  of  GSECU. 

Set  GSE  mode  twitch  to  OUT , 

Depress  and  release  reset  switch  on  GSECU.  Observe  that  system 
functions  as  per  4.3. 1 . 

4.12.2.  Set  side  1  head  1  fire  twitch  to  ON. 

Fire  indication  on  CWU  to  shew. 

Set  tide  1  head  1  fire  switch  to  OFF. 

Fire  Indication  on  CWU  to  extinguish. 


Repeat  4.12.2.  for  hoods  2,  3,  4,  and  8. 
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4.12.3.  Foiled  Hoodt 


Sot  tide  I  hood*  5,  6  and  7  fault  switches  on  HSIMU  to  ON. 

Sot  side  1  hoodt  1 ,  3  and  4  fault  switches  on  HSIMU  to  ON. 

Observe  that  right  hand  ‘FIRE  DETECT  FAIL1  lamp  does  not  light 
ot  next  occurrence  of  GSE  2  (side  I)  LEO1*  flashing  on  GSECU. 
Set  side  1  hoods  1,  3  ond  4  fault  switches  on  HSIMU  to  OFF. 

Set  tide  1  hoods  2  ond  8  fault  twitches  an  HSIMU  to  ON. 

Observe  that  right  hood  ‘FIRE  DETECT  FAIL*  lamp  does  not  light 
at  next  occurrence  of  GSE2  (Side  1)  LED  flashing  on  GSECU. 


4.12.4.  Adjacency  Set  Failure 


4. 12.4.1 .  Hoods  1  and  2  Adjocency  Set 


Set  side  1  heeds  ),  2,  3,  4  and  8  fire  and  fault  switches 
to  OFF . 

Set  GSE  mode  switch  on  GSECU  to  IN. 

Depress  and  release  reset  button. 

Observe  fhot  side  I  GSE  I  LED  on  GSECU  lights. 

Set  heed  1  end  2  fault  switches  on  side  1  to  ON . 

Set  GSE  mode  switch  on  GSECU  to  OUT. 

Depress  and  releoio  reset  button. 

Right  hand  CWU  ‘FIRE  DETECT  FAIL'  lamp  should  light 
immediately  after  the  first  occurrence  of  GSE  2  (Side  I) 
LED  flashing  on  GSECU. 

Set  heed  1  and  2  fault  switches  on  tide  I  to  OFF . 

After  the  occurrence  of  the  next  flashing  sequence  of 
GSE  2  LED's  (occurring  approximately  once  every  IS 
seconds)  observe  that  right  hand  'FIRE  DETECT  FAIL'  lamp 
does  net  extinguish . 

4. 12.4.2.  Heads  2  and  3  Adjacency  Set 


Repeat  4.12.4.1.  using  hoods  2  and  3  fault  switches. 
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4. 12.5.3.  Short  Circuit  (Hood  1) 

Depress  and  hold  short  circuit  button  on  pulse  simulation 
unit. 

Qbwrve  that  firo  indication  on  CWU  extinguishes. 

Release  short  circuit  button  on  PSU. 

Oboorvo  that  firo  indication  on  CWU  re~Jlghts. 

4. 12.5.4.  Firo  Res at  (Hood  1) 

Sot  PULSE  SELECT  switch  on  PSU  to  3. 

Oboorvo  that  firo  indication  on  CWU  remains  lit. 

Sot  PULSE  SELECT  twitch  on  PSU  to  2. 

Oboorvo  that  firo  Indication  on  CWU  rwmoint  lit 
Sot  PULSE  SELECT  SWITCH  on  PSU  to  1 . 

Oboorvo  that  firo  indication  on  CWU  extinguishes. 

Return  PULSE  SELECT  switch  on  PSU  to  0. 

CWU  firo  indication  to  remain  extinguished. 

4.12.5.5.  Sensitivity  ond  Short  Circuit  Hoad  Operation 

(Hccdi  ft.  3,  A')  "  ” 

Repeat  4. 12.5.2.  to  4. 12.5.4.  for  heads  2,  3,  4  ond  8  by 
selecting  required  head  an  HEAD  SELECT  switch  an  PSU. 

4.12.5.4.  Sot  SIB,  S3  ond  S4  to  OFF . 

Set  head  select  switch  on  PSU  to  OFF. 

4.12.6.  Response  to  Fire 

4.12.4.1.  Settlr^gp  and  Connections 

Sot  channel  I  amplifier  on  oscillate..^  <o  20v/cm. 

Connect  channel  I  oscilloscope  probe  tu  System  B  side  1 . 
ED  terminal  of  HSIMU. 

Connect  probe  return  to  pin  32  of  monitoring  point. 
Connect  pin  26  of  monitoring  point  to  external  trigger 
Input  of  esefti  oecope,  using X 1  probe. _ 
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4.12.4.1 .  Settings  and  CobawHom  (csa Id.) 

Set  oscilloscope  trlggtr  mods  to  Ext.  (positive  edge). 

Sot  trigger  point  at  and  of  tree*  omuring  that  and  troco 
coincides  with  and  of  traea  graticule. 

Sat  tlma  boas  to  0.1  met/ cm, 

Storoga  mods  tat  to  ROLL . 

Sat  Sift,  S3  and  $4  to  ON.  Obaorva  that  system  functions 
as  par  4.3.1. 

4. 12.4.2.  Response  to  F)ra<(Set) 

Note: 

To  ensure  correct  results  this  tost  should  be  carried  out 
about  3  seconds  after  GSE2  LEO  on  GSECU  (side  1) 

has  flrahed. 

With  oscilloscope  trigger  ormed  depress  and  hold  ‘FIRE 
DETECT  TEST'  button  on  CWU. 

Note: 

I#  escliiotcope  does  not  trigger,  adjust  trigger  level  in 
conjunction  with  repeat  depressions  of  'FIRE  DETECT  TEST' 
button,  re- arming  trigger  between  each  switch  depression. 

Waveform  shall  be  of  the  form  of  FIG.  8.  Measure 
fire  set  time  t . 

4. 12.4.3.  Response  to  Fire  (Reset) 

Re-orm  oscilloscope  trigger,  select  negotive  edge  EXT 
trigger. 

Release  'FIRE  DETECT  TEST1  switch  on  CWU. 

Observe  oscilloscope  wove  form,  trace  to  be  of  the  form 
of  FIG.  9. 

Note: 

To  ensure  correct  results  this  test  should  be  oorried  out  oboutl 
3  seconds  after  GSE2  LED  on  GSECU  (side  I)  has  flashed. 
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4.12.4.4.  Switch  Off 

S«t  SIB,  S3  and  S4  to  OFF . 

Remove  oecllloccope  probet  from  monitoring  point*. 
Switch  off  all  power  tupplie*. 


END  OF  TEST 
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Parameter  Values 


0.25  max 


Values  at  AC  Supply  “ 
124V  420  H.v,  .  wv 

V2  -  4V 


144  270 
154  280 
171  295 


Values  at  AC  Supply  * 
102V  380  Hs 


M2 

M3 

m 

100 

- 

104 

- 

115 

115 

45 

123 

47 

135 

52 

100 

42 

107 

45 

117 

48 

118 

176 

126 

185 

138 

198 

Values  at  AC  Supply 
124  V  420Hx 


Ohms 


Values  at  AC  Supply 

M 

102V  380  Hz  ... 

VI  • 

16V 

V2  - 

3V 

.feast. 
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Te*t 

Definition 

Cotooory 

Parameter  Value 

Unit* 

4.11.8. 

1 

1 .2  max. 

2 

1 .35  max . 

mA 

3 

1 .6  ran 

1  ) 

4.11.7.1. 

2  ) 

GRUTIL  V.4 

3  ) 

1 

0.85  t  0.1 

PP 

4.12.6.2. 

2 

0.85  -  0.12 

3 

0.85-0.15 

4.12.4.3. 

1 

0.68-0.05 

2 

0.40;  0.06 

-- — 

3 

0.48  -  0.08 

APPENDIX  3  SCHEDULE  Of  TESTS 


4.7. 

1 

3.6;  0.6 

veto 

2 

3.6-0.65 

4.9. 

1 

3.6  ~  0.6 

volt* 

2 

>.6  -  0.65 

o 
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APPENDIX  3 


FLIGHT  TRIALS  UNIT  WITH  BATTERY  CARD 


1 .0.  Equipment  required,  at  per  rain  Q .  Sheet. 

Additional  equipment,  I  decode  remittance  bon  (100K  copobility)  +•  2  flyleodt. 
2.0.  Connection*.  At  per  mein  Q  Sheet. 

3.0.  Initial  tettingt. 

3.1.  SI  A,  SIB,  S2A,  $3  and  S4  on  meter  tuppiy  twitching  unit  to  OFF . 

3.2.  GSE  mode  twitch  to  IN,  rotary  twitch  tet  to  petition  6. 

3.3.  M2  tet  to  1  Amp  range. 

3.4.  M3  tet  to  I  Amp.  range. 

3.5.  M4  tet  to  10  nVk  range. 


3.4.  Uting  DVM  tet  to  500V  AC  range,  twitch  on  AC  tuppiy  and  tet  it  to  U5V 
400  Hs  ( t  0.5V). 

3.7.  Uling  DVM  tet  to  50V  DC  range,  twitch  un  VI  and  tet  it  to  2  8V  DC  (^0.2V). 

3.8.  I  react  battery  card  into  control  unit  53813-204. 


4.0.  Procedure. 


4.1.  Set  S3  to  ON.  Obrerve  that  C  .  hand  ‘FIRE  DETECT  FAIL'  trap  light*. 

4.2.  Wait  far  i  hour  to  allow  battery  to  charge. 

4.3.  Set  SIB  to  ON. 

Obterve  that  Side  1  GSE  I  LED  on  GSECU  lightt  and  ft.  hand  ‘FIRE  DETECT 
FAIL'  lamp  extinguiihet. 

4.4.  Set  rotary  twitch  on  GSECU  to  2.  Deprau  and  relearn  rater  button  on  GSECU. 
Obterve  that  GSE1  LED  on  tide  I  of  GSECU  lightt. 

4.5.  Set  SIB  and  S3  to  OFF. 
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4.6.  Wait  for  30  seconds  than  tat  rotor/  twitch  to  position  3  and  tot  SIB  and  S3 
to  ON. 

Observe  that  both  GSE  1  and  GSE  2  LEDS  on  GSECU  light.  Sot  SIB  and 
S3  to  OFF. 

4.7.  Using  DVM  tot  to  10V  rango  DC,  connect  negative  load  to  pin  32  of 
monitoring  point,  connect  positive  lend  to  pin  37  of  monitoring  point. 
Meter  reeding  to  be  between  — — —  volt*  minimum  and  — — — —  volts 
maximum. 


4.8.  Set 


resistance  box  to  IOOK 


4.9.  Connect  decode  resistance  box  between  pin  32  of  monitoring  point  and 
coble  18  of  system  B  aircraft  plug  coble  form. 

Connect  DVM  ecrett  100  K  deeede  best,  observe  meter  reading. 

Reeding  to  be  between  — — —  volts  minimum  and  — - -  volts  maxim*. 


Set  ell 


e  resistance  boa  and  f! /leads, 
■implies  to  OFF. 


END  OF  TEST. 
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ACCEPTANCE  REQUIREMENTS  FOR  U.VA.F.QS. 
CONTROL  UNIT  (53813-20*  SYSTEM  B  ) 


APPENDIX  2 

calibration  of  pulse  Simulation  box 
1.0  EQUIPMENT  REQUIRED  FOR  TESTS 


28  V  O.C.  SUPPLY  (OS  AMR). 

2  *  OSCiLU SCOPE  PROBES  (  *  10) 

STORAGE  OSCILUSCOPE  (GOULD  OS  A 000  OR  SIMILAR) 

pulse  simulation  box 
normally  open  Bias  switch 


2.0.  CONNECTIONS 

CONNECT  AS  PER  fig.  A 


3.0.  PULSE  CHARACTERISTICS 


3.1  SETTINGS 

SET  28V  O.C.  SUPPLY  TO  28V 
SET  CHANNEL  I  Y  AMP  TO  1V/cm 
SET  CHANNEL  2  Y  AMP  TO  2V/  cm. 

SET  TRIGGER  TO  CHANNEL  !  NEGATIVE  EDGE. 

SET  'STORED  TRIGGER  POINT"  TO  SCALE . 

SET  TIME  8ASE  TO  0  1  mS /cm 

SET  PULSE  SIMULATION  BOX  PULSE  SELECT  SWITCH  TO  4. 

SET  OSCILLOSCOPE  STORAGE  MODE  TO  ROLL. 

SWITCH  ON  OSCILLOSCOPE. 

SET  CHANNEL  I  1  RACE  TO  BE  AT  MID  SCREEN 

SET  CHANNEL  2  TRACE  TO  BE  I  cm  ABOVE  BOTTOM  OF  SCREEN 


TITLE 


3.  2. 
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PULSE  CHARACTERISTICS  measurement 


Of  SHEETS 


SWITCH  ON  28V  SUPPLY.  ARM  OSCILLOSCOPE  TRIGGER.  REPEAT  DEPRESSION 
ANO  RELEASE  OF  BIAS  SWITCH  SW1  WHILST  AOJUSTlNG  TRIGGER  LEVEL 
UNTIL  WAVE  FORM  OF  FIG.  0  IS  OBSERVED-  NOTE  OSCILLOSCOPE  SHOULD  BE 
RE-ARMEO  AFTER  EACH  SWITCH  DEPRESSION. 


VI 

MAX.: 

10V 

Vt 

MIN.  : 

2  V 

v2 

MAX.: 

30  V 

v2 

MIN.  : 

26  V 

U 

MAX.: 

300jjS 

<i 

MIN.: 

SOpS 

<2 

MAX.: 

800wS 

‘2 

MIN.  : 

iOOajS 

FIG.  B 


WAVE  FORM  SHOULD  BE  WITHIN  THE  LIMITS  OF  FlG.  B  AS  SHOWN. 


4.  0.  NUMBER  OF  PULSES 
4  1  SETTINGS 

SET  TRIGGER  MODE  TO  CHANNEL  2  POSITIVE  EDGE 
SET  TIME  BASE  TO  lOmS/cm. 

4.  2  OBSERVATION  OF  PULSES 

ARM  OSCILLOSCOPE,  REPEAT  DEPRESSION  ANO  RELEASE  OF  BIAS  SWITCH, 
WHIL5T  AOJUSTlNG  TRIGGER  LEVEL.  UNTIL  WAVE  FORM  OF  FIG.  C  IS 
OBSERVE  0. 
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CHANNEL  2 


S<tl  <  25  mS 
10<t  2  <  30mS 
10<  1 3  <  30  m  S 
I0<t4<  30mS 


FIG.  C 


NOTE  :•  Cue  TO  STORAGE  CHARACTERISTIC  OF  OSCILLOSCOPE.  PULSES  MAY  NOT  BE 
UNIFORM  IN  HEIGHT.  REPEAT  DISPLAYS  MAY  BE  NECESSARY  TO  ENSURE 
THAT  ALL  PULSES  ARE  PRESENT.  WAVEFORM  SHOULD  BE  WITHIN 
TOLERANCES  SHOWN  IN  FIG.  C 

SET  PULSE  SELECT  SWITCH  ON  PULSE  SIMULATION  BOX  TO  3.  OBTAIN 
OSCILLOSCOPE  TRACE  AS  PREVIOUSLY,  BY  DEPRESSION  OF  SW 1. 

OBSERVE  THAT  3  PULSES  ONLY  ARE  PRESENT  ON  THE  TRACE.  THE  RIGHT 
HAND  fULSEOF  FIG.C  SHOULD  NOW  BE  MISSING. 

SET  PULSE  SELECT  SWITCH  TO  2.1  AND  0  AND  OBSERVE  CORRESPONDING 
NUMBER  OF  PULSES  APPEARING  ON  THE  OSCILLOSCOPE,  WHILST 
UTILISING  BIAS  SWITCH  ANO  OSCILLOSCOPE  AS  PREVIOUSLY. 

SWITCH  OSCILLOSCOPE  AND  28V  SUPPLY  OFF  AND  REMOVE  TEST  CONNECTIONS 
TO  PULSE  SIMULATION  BOX. 
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List  of  related  document*  applicable  to  this  schedule 
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General  Dynamics.  Statement  of  Work. 


mi-STO-aioc 


Environmental  Test  Methods. 


MIL-STD-461 


Electromagnetic  Interference  Requirements. 


MIL-D-27729A 


Detecting  Systems.  Flame  and  Smoke. 
Aircraft  and  Aerospace  Vehicles. 


MIL-W-25038B 


Wire.  Electrical,  High  Temperature  and 
Fire  Resistant.  Aircraft. 


TSO.C79 


MIL-ST0-704A 


Plre  Detectors  Radiation  Sensing  Type 

Electric  Power  Aircraft)  characteristics  and 
utilisation  of. 
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PART  2 


Description 

Flre  O^ection  System  is  intended  for  use 
in  nigh  performance  aircraft  to  detect  engine/ nacelle  fires. 

Crew^arnlnj^Unit  ?c“i T  Computer  Control  Unit  (C.C.U.). 

aircraft  ^  C,*?*U‘5  and  UP  t°  8  Detector  Units  shall  detect 

aircraft  engine/nacal le  fires  within  one  second. 

Two  systems  are  proposed  : 


System  'A'  shall  include  the  following  features 

Automatic  Self  Teat 
Fault  Discrimination  CapaDllity 
Fault  Maintenance  Read  Out  and 
Manual  Confidence  Teat. 

simplified  System  ’B’  shall  incorporate  Manual  Test  only 


Teat  Equipment 


The  following  tost  equipment  shell  be  used  where  necessary  to  carry 
out  the  tests  as  detailed  In  Part  4  of  this  schedule. 

Temperature  and  Humidity  testa  shall  be  carried  out  using  "Moritford 
Climatic  Chamber"  Type  PHX73/RR/H/FFF/AUT0/CAM. 

Temperature  measurement  shall  be  by  "ComarK  Electronic  Digital  Thermometer 
with  an  accuracy  of  ♦  0.1%  of  reading. 

Altitude  testing  shall  be  carried  out  In  "Gravlner  Altitude  Chamber”, 
satisfying  the  requirement  of  MIL-ST0-810C,  Method  50  1.1.  Proc.I, 

Pressure  levels  shall  be  measured  using  suitable  pressure  and  vacuum 
gauges  with  an  accuracy  of  *  2%  of  reading. 

Sand  and  Oust  testing  shall  be  carried  out  using  "Gravlner  Sane  and  Oust 
Chamber",  satisfying  the  requirements  of  MIL-STD-81QC  Method  510.1.  Proc.I. 

Fungus  Resistance  Tests  shall  be  carried  out  using  "hedlnalr  Mould  Growth 
Cabinet"  satisfying  the  requirements  of  British  Standard  3S.2011,  Part  J. 

Salt,  Fog  testing  shall  be  carried  out  using  "Gravlner  Salt  Spray  Chamber”, 
satisfying  the  requirements  of  MIL-STD-810C  Method  509.1.  Proc.I. 

Acceleration  testing  shall  be  carried  out  using  "Graseby  Centrifuge" 

Type  G.W.3. 

Fire  Resistance  testing  shall  be  carried  out  using  a  6"  x  1100°C 
Torch  to  Specification  TSO  C79,  Ptgure  No. 2. 

All  pressure  and  vacuum  gauges  used  shall  be  calibrated  to  the  requirements 
of  British  Standard  8S.1780. 

AJ1  electrical  Instrumentation  used  shall  be  calibrated  to  the  requirements 
pf  British  Standard  BS.es. 


PART  4 


Approval  Tests 


4.1.  examination  of  Product 


4.1.1.  Weight 


The  weight  of  all  system  components  submitted  for  approval 
testing  shall  be  checked  and  recorded. 

4.1.2.  Size 

Tne  dimensions  of  all  system  components  submitted  for 
approval  testing  shall  be  checked  to  ensure  conformity  ' 
with  the  relevant  drawings. 

4.1.3.  Visual  Examination 

All  system  components  submitted  for  approval  testing  shall 
be  examined  for  correctness  of  marking,  workmanship  and 
visible  defects. 

4.1.4.  Centre  of  Gravity 

The  centre  of  gravity  for  each  of  the  system  components 
shall  be  established  using  the  "knife  edge  method”. 

4.2.  Electrical  Tests 

4.2.1.  Voltage  Supplies 


The  system  shall  operate  from  nominal  115  volt  400  Hz  and 
28  volt  d.c.  power  supplies  in  accordance  with  MIL-STD-704A, 
Equipment  Category  B.  Emergency  supply  conditions. 

A.C.  Voltage  Limits.  102  -  124  volts.  380  -  420Hz 
D.C.  Voltage  Limits.  16  -  29  volts. 

System  A 

C.C.U.  115v,  400Hz  and  28v.d.c. 

C.W.U.  28v.d.c. 

System  B 

C.C.U.  1 1 5v  400Hz 
C.W.U.  28v.d.c. 


Voltage  Transients 


The  system  shall  be  unaffected  by  exposure  to  the  following 
input  voltages  in  accordance  with  P1IL-STD-704A. 


Voltage 

Ouratlon 

190 

0.10  second 

174 

0.40  second 

139 

4.00  seconds 

137 

5.00  seconds 

After  the  transient  test  the  equipment  shall  meet  the  performance 
requirements  of  paras.  4.3.2.,  4.3.3.  and  the  acceptance  requirements 
of  the  relevant  0.  Data  Sheet  detailed  in  paragraph  4.4. 

Supply  Interruption 

The  effect  of  voltagp  supply  Interruption  to  the  system  shell 
be  established. 

This  test  shall  be  carried  out  as  part  of  Voltage  Transient 
testing  in  accordance  with  MIL-ST0-704A . 
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4.2.2.  Insulation  Resistance 


C.C .U.  Using  a  30  volt  d.c.  source,  ths  leakage  current 
between  all  unearthed  terminal  pins  and  case 
shall  not  exceed  1.5  yA. 

C.W.li.  Using  a  500  volt  d.c.  insulation  tester  the 
resistance  measured  between  all  unearthed 
connector  pins  and  case  shall  not  be  less 
than  20  flegohma. 

Detector  Unit  Using  a  500  volt  d.c.  Insulation  tester 

the  resistance  measured  between  all  unearthed 
connector  pins  and  case  shall  not  be  less 
than  20  Megohms. 

4.2.3.  Electromagnetic  Interference 

The  complete  system  shall  be  tested  to  comply  with  the 

electromagnetic  interference  requirement  of  mil-STD-461. 

Testing  shall  be  carried  out  in  accordance  with 
"EMC  Test  Plan*  for  Ultra-Violet  Advanced  Fire  Detection 

System. 


4.2.4.  Functional  Test 
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Performance  Testa 


4.3. 

The  following  teats,  paraa.  4.3.2.,  4.3.3..  and  4.3.4.  shall  be 
carried  out  in  accordance  with  (4IL-0-27729A,  paras.  3.11.2.. 
3.11.3.,  and  3.11.4.  modified  as  follows  s- 

4.3.1.  Standard  Teat  Flama 

The  Standard  Teat  Flame  shall  be  produced  by  burning  JP-4  fuel, 
or  100  octane  gasolene  in  a  5  inch  diameter  pan,  in  an 
environment  in  which  the  airflow  does  not  exceed  10  feet 
per  second. 

A  U.V.  source  with  the  equivalent  radiation  distribution  and 
intensity  may  be  substituted. 

The  U.V.  source  shall  satisfy  the  following  requirements 

When  measured  at  the  front  face  of  the  detector,  irradiance, 
at  wavelength  220nm  and^andwidth  ^ess  than  10  nm,  shall  not 
be  greater  than  3  x  10  watts/cm  . 

Irradiance  at  any  other  wavelength  between  27Q  and  320  nm  of 
a  bandwidth  leas  than  lOran  shall  not  be  greater  than 

10"?  watts/cm2.  • 

This  satisfies  the  requirements  of  a  5*  pan  fire  at  a  distance 
of  four  feet. 

4.3.2.  Response  Time 

The  system  shall  respond  within  1  second  when  one  Detector  Unit 
is  exposed  to  the  Standard  Test  Flame  of  para.  4.3.1.  at  a 
distance  of  four  feet  while  simultaneously  being  exposed  to 
direct  unfiltered  midday  (♦  1  hour)  sunlight,  or  its  equivalent 
in  U.V.  spectral  radiation  and  Intensity. 

The  Detector  Units  shall  be  tested  independently  at  the  supply 
voltage  extremes  detailed  in  para.  4.2.1. 

4.3.3.  Reset  Tima 

After  having  been  exposed  to  the  Standard  Test  Flame  of  para. 
4.3.1.  for  a  period  of  one  minute,  the  flame  shall  be  cut  off 
from  the  view  of  the  Oetector  Unit.  The  time  taken  for  the 
warning  to  clear  shall  not  exceed  1.5  seconds.  The  Detector 
Unit  shall  continuously  be  exposed  to  direct  sunlight  during 
this  test.  The  test  shall  be  carried  out  at  supply  voltage 
extremes  detailed  in  para.  4.2.1. 

4.3.4.  Viewing  Field 

The  Detector  Unit  shall  have  a  viewing  field  of  at  least  80°. 
This  shall  be  achieved  by  exposing  the  Detector  Unit  to  the 
Standard  Test  Flame  of  para.  4.3.1.  in  the  following  attitudes 
and  at  a  distance  of  four  feet. 

(a)  Detector  Unit  on  a  line  40°  above  the  flame  centre 
viewing  along  a  horizontal  axis. 
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Cb)  Oat8Ctor  Unit  on  a  lina  40°  below  the  flame  centre 
viewing  along  a  horizontal  axis. 

(c)  Detector  Unit  on  a  line  40°  to  right  of  flame  centre 
viewing  along  a  horizontal  axle. 

(d)  (Detector  Unit  on  a  line  40°  to  left  of  flame  centre 
viewing  along  a  horizontal  axis. 

The  system  shall  meet  the  response  time  requirements  of  para.  4.3.2.. 
and  shall  be  tested  at  voltage  extremes  detailed  in  para.  4.2.1. 

4.3.5.  Falsa  Clearing  of  Alarm 

With  the  system  in  a  warning  condition  after  having  been  exposed 
to  the  Standard  Test  Flame  of  para.  4.3.1.,  no  reset  shall  occur 
when  50%  of  the  Test  Flame  is  masKed  from  the  view  of  the 
Oetector  Unit.  This  test  shall  be  carried  out  at  supply  voltage 
extremes  detailed  in  para.  4.2.1. 

4.4.  Environmental  Tests  (Sequential) 

Environmental  tests  shall  be  carried  out.  where  possible,  in  the 
following  sequence  as  defined  by  MIL -STD-81 QC.  paragraph  4,  Table  I 
for  Group  2  equipment,  sequence  (a). 

Prior  to  any  environmental  testing,  all  equipment  shall  meet  the 
Acceptance  Test  Requirements  detailed  in  the  following  documents  :- 

Crew  Warning  Unit  -  Graviner  Q.Oata  Sheet  No. 0.5305. 

Computer  Control  Unit  -  Graviner  O.Data  Sheet  No.Q. 

Detector  Unit  -  Graviner  O.Data  Sheet  No.Q. 5304. 

These  tests  shall  also  be  carried  out  where  detailed  after 
environmental  tests. 

In  addition  to  the  above  tests,  where  possible,  during  the  following 
environmental  tests  a  minimum  of  three  fire  response  checKs  shall  be 
carried  out  in  accordance  with  paragraph  4.3.2. 

These  checKs  shall  be  carried  out.  shortly  after  the  beginning  of  the 
test,  at  the  mid  point  and  Just  prior  to  completion. 

4.4.1.  High  Temperature 

The  component  parts  of  the  system  shall  meet  the  High  Temperature 
requirements  of  MIL -STD-81 0C ,  Method  501.1,  Procedure  I,  and  shall 
be  unaffected  by  48  hours  at  the  following  temperatures 

Detector  Unit  260°C 

Computer  Control  Unit  85°C 

Crew  Warning  Unit  71°c 

The  equipment  shall  be  energised  throughout  the  test.  After  the 
test  the  equipment  shall  meet  the  performance  requirements  of 
paras.  4.3.2.,  4.3.3.,  and  Acceptance  requirements  of  the  relevant 
Q.Oata  Sheet  detailed  in  paragraph  4.4. 
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4.4.2.  Low  Temperature 


Tha  component  parts  of  tha  system  shall  meat  the  Low  Tamparatura 
requirements  of  MIL-ST0-810C,  Method  502.1,  Procedure  I  and 
shall  be  unaffected  by  24  hours  at  a  temperature  of  -54°C. 

After  the  test  the  equipment  shall  meet  the  performance  requirements 
of  paras.  4.3.2..  4.3.3..  and  Acceptance  requirements  of  the 
relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 


4.4.3.  Temperature  Shock 


The  component  parts  of  tha  system  shall  meet  the  Temperature  Shock 
requirements  of  MIL-STD-81CC,  Method  503.1,  Procedure  I.  and  shall 
be  unaffected  by  rapid  transfer  between  the  following  temperatures 

Oetector  Unit  260°C/-54°C/260oC 

Computer  Control  Unit  85°C/*540C/85°C 

Crew  Warning  Unit  ?10C/-540C/71°C 


After  the  test  the  equipment  shall  meet  the  performance  requirements 
of  paras.  4.3.2.,  4.3.3.,  and  Acceptance  requirements  of  the 
relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 


4.4.4.  Altitude 

_  • 

The  component  parts  of  the  system  shall  meet  tha  Altitude  requirements 
of  MIL-STO-810C.  Method  S00.1.  Procedure  I  and  shall  be  unaffected 
by  periods  of  1  hour  each  at  pressures  equivalent  to  70,000  feet 
(1.33  in  Hg)  and  -1000  feet  (30.12  i h  Hg). 

After  the  test  the  equipment  shall  meet  the  performance  requirements 
of  paras.  4.3.2.,  4.3.3.,  and  Acceptance  requirements  of  the 
relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 


4.4.S.  Temperature/Altituae 


The  component  parts  of  the  system  shall  meet  the  Temperature/Altitude 
requirements  of  MIL -STD-81 0C  Method  504.1,  Procedure  I.  for 
continuously  operating  equipment  Category  6,  and  snail  be  unaffected 
by  exposure  to  temperatures  of  -54°C  to  7l°C  with  altitudes  up  to 
70,000  feet. 


After  the  test  the  equipment  shall  meet  the  performance  requirements 
of  paras.  4.3.2.,  4.3.3.,  and  Acceptance  requirements  of  the 
relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 

4.4.6.  Sand  and  Oust 

The  component  parts  of  the  system  shell  meet  the  Sand  and  Dust 
requirements  of  MIL-STO-81 0C ,  Method  510.1,  Procedure  I  and  shall 
be  unaffected  by  26  hours  exposure  to  Sand  and  Oust. 


After  the  test  the  equipment  shall  meet  the  performance  requirements 
of  paras.  4.J.2.,  4.3,3..  and  Acceptance  requirements  of  the 
relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 
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4.4.7. 


humidity 


The  component  parts  of  the  system  shall  meat  the  Humidity 
requirements  of  MIL-STD-810C,  Method  507.1,  Procedure  I  and 
shall  be  unaffected  by  the  following  test 

10  cycles  of  - 

2  hours  to  65°C  with  95*  RH 

6  hours  at  65°C  with  95*  RH 

16  hours  at  30°C  with  Q5t  RH 

After  the  240  hour  test  the  equipment  shall  meet  the  performance 
requirements  of  paras.  4.3.2..  4.3.3.,  and  Acceptance  requirements 
of  the  relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 

4.4.8.  Fungus  Resistance 

The  component  parts  of  the  9ystem  shall  meet  the  Fungus 
Resistance  requirements  of  MIL-STD-810C,  Method  508.1,  Procedure  I. 
The  equipment  and  suitable  control  items  shall  be  sprayed  with  a 
mixed  9pore  suspension  containing  the  following  cultures 

Aspergillus  nlger  Pencillium  funicolosum 

Aspergillus  flavus  Chaetomium  glooosum 

Aspergillus  versicolor 

The  test  item  shall  then  be  stored  under  cyclic  temperature 
and  humidity  condition  to  include  20  hours  at  30°C  and  95*  RH 
followed  by  4  hours  at  25°C  with  100%  RH. 

After  7  days  the  control  Items  shall  t  examined  and  if 
satisfactory  fungus  growth  is  evident  the  test  shall  continue 
for  28  days. 

After  the  test  the  equipment  shall  be  examined  for  fungus  growth 
and  shall  then  meet  the  performance  requirements  of  paras.  4.3.2. 
4.3..’’  and  Acceptance  requirements  of  the  relevant  Q.Oata  Sheet 
detailed  in  paragraph  4.4. 

4.4.9.  Salt  Fog 

The  component  parts  of  the  system  shall  meet  the  Salt  Fog 
requirements  of  MIL -ST0-8 IOC .  Method  509.1,  Procedure  I 
and  shall  be  unaffected  by  48  hours  exposure  to  a  Salt  Fog 
from  a  5*,  Oy  weight.  Sodium  Chloride  solution. 

After  exposure,  to  aid  examination,  the  equipment  may  be  washed 
in  running  water,  not  exceeding  38  C,  and  then  stored  at 
ambient  conditions  for  48  hours. 

The  equipment  shall  then  meet  the  performance  requirements  of 
paras.  4.3.2.,  4.3.3.,  and  Acceptance  requirements  of  the 
relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 

4.4.10.  Acceleration 


The  component  parts  of  the  system  shall  meet  the  acceleration 
requirements  of  MIL -STD-810C ,  Method  513.2,  Procedure  I,  and 
shall  be  unaffected  by  acceleration  levels  up  to  25. 5g. 

'  9  :* 

Acceleration  shall  be  applied  in  eoch  of  three  mutually  perpendicular 
planes,  in  both  forward  and  reverse  directions,  and  shall  be  held 
for  a  minimum  of  60  seconds  in  each  direction. 


After  the  teat  the  equipment  shall  meet  the  performance 
requirements  of  paras.  4.3.2.,  4.3.3.,  and  Acceptance 
requirements  of  the  relevant  Q.Oata  Sheets  detailed  in 
paragraph  4.4. 

4.4.11.  Explosive  Atmosphere 
Not  applicable. 

4.4.12.  Hechanlcal  Shock 

The  component  parts  of  the  system  shall  meet  the  shock  requirements 
of  MJL-ST0-810C.  Method  516.2.,  Procedure  I.  and  shall  be 
unaffected  by  shock  loads  of  20. Og. 

The  equipment  shall  be  subjected  to  18  shock  pulses  of  20. Og 
for  a  duration  of  11.0  milliseconds.  3  shocks  in  each  of  3 
mutually  perpendicular  planes  in  both  forward  and  reverse 
directions . 

After  the  test  the  equipment  shall  meet  the  performance 
requirements  of  paras.  4.3.2.,  4.3.3.,  and  Acceptance  requirements 
of  the  relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 

4.4.13.  Vibration 


The  component  parts  of  the  system  shall  meet  the  vibration 
requirements  of  MIL-STD-810C,  Method  514.2. 

The  equipment  shall  be  subjected  to  the  vibration  test  comprising 
a  Resonance  Search.  Functional  Test  and  Endurance  Teat  in  eacn 
of  3  mutually  perpendicular  axes  over  the  frequency  range  of 
5-2000  Hz. 

Resonance  Search 


The  equipment  shall  be  subjected  to  a  sinusoidal  resonance 
search  in  each  of  3  mutually  perpendicular  axes,  over  the 
frequency  range  of  5-2000  Hz  in  accordance  with  MIL-STD-810C. 
Method  514.2  Procedure  I.  at  the  following  vibration  levels  :- 

Detector  Unit 


Figure  514.2-2.  Curve  G  for  equipment  located  In  engine 
compartments . 


5-14  Hz 
14-23  Hz 
23-90  Hz 
90-2000  Hz 


0.10  inch,  double  amplitude 
1 .0g  acceleration 
0.036  Inck.  double  amplitude 
15. Og  acceleration. 


C .C. U .  and  C .W.U . 


Figure  514.2-2,  Curve  J  for  equipment  mounted  in  forward 

fuselage . 


5-14  HZ 
14-23  Hz 
23-52  Hz 
52-2000  Hz 


0.10  inck.  cible  amplitude 
1.0  g  acceleration 
0.036  inck.  double  amplitude 
5.0g  acceleration. 


functional  and  Endurance  Teat 


Tha  aquipmant  shall  be  subjected  to  random  vibration  in 
each  of  3  mutually  perpendicular  axes  over  the  frequency 
range  of  15-2000  H2  in  accordance  with  MIL-STD-B1QC, 

Method  514.2,  Procedure  1A  as  detailed  in  Figures  514, 2-1 1A 
and  514.2-2A  at  the  following  vibration  levels  : - 


Equipment 

Test  Levels 

Maxlmun  P. 

2 

S.D.  g  /H2 

Endurance 

1  Hour 

Performance 

1  Hour 

A 

C.C.U.  and  C.W.U. 

0.033 

0.025 

0.02 

Detectors 

0.33 

0.25 

0.04 

The  endurance  test  may  be  eliminated  if  the  Functional  Test 
is  run  for  3  hours. 

The  equipment  shall  meet  the  performance  requirements  of 
paras.  4.3.2.  and  4.3.3.,  during  the  tBst. 

On  completion  of  the  vibration  test  the  equipment  shall  meet 
the  performance  requirements  of  paras.  4.3.2.,  4.3.3.,  and 
Acceptance  requirements  of  the  relevant  G.Oata  Sheet  detailed 
in  paragraph  4.4. 

4.4.14.  Acoustic  Vibration 


The  Detector  Unit  shall  meet  the  Acoustic  Vibration  requirements 
of  MIL -STD-81 0C ,  Method  515.2,  Procedure  I  and  shall  be 
unaffected  by  30  minutes  exposure  to  a  sound  pressure  level 
of  150  dB . 

After  the  test  the  Detector  Unit  shall  meet  the  performance 
requirements  of  paras.  4.3.2.,  4.3.3.,  and  Acceptance 
requirements  of  Q.Data  Sheet  No.  0.5304. 

4.5.  Environmental  Tests  (Non  Sequential) 

4.5.1.  Fuel  and  Oil  Immersion 


The  Oetactor  Unit  shall  be  inmersed  in  JP-4  Fuel-.  DERC  2454, 
(MIL-T-5624G)  and  then  allowed  to  drain  for  a  period  of 
1  minute.  No  cleaning  shall  be  accomplished  prior  to 
conducting  the  performance  tests  of  paras. 4, 3. 2.  end  4.3.3. 

This  procedure  shall  be  repeated  for  the  following  fluids  :- 

Turbine  Oil  DERD  2437  (MIL-L-23699) 

Hydraulic  Fluid  DTD  505  (MIL-H-5606) 

j 

After  the  test  the  Detector  Unit  shall  meet  the  Acceptance 
requirements  of  Q.Data  Sheet  No. 0.5304. 


4.5.2.  Rain  Spray 


Th«  components  parts  of  the  system  shell  meet  the  Rein  Spray 
requirements  of  MIL-ST0-810C,  Method  506.1..  Procedure  I. 
and  shall  be  unaffected  by  a  minimum  of  30  minutes  exposure 
to  rain  spray  at  the  rates  detailed  In  the  specification. 

After  the  test  the  equipment  shall  meet  the  performance 
requirements  o*  paras.  4.3.2..  4.3.3.,  and  Acceptance  requirements 
of  the  relevant  Q.Oata  Sheet  detailed  in  paragraph  4.4. 

4,5.3.  Fire  Resistance 


Tmo  Detector  Units  shall  be  used  for  this  test.  One  Detector 
Unit,  connector  and  6“  of  wiring  shall  be  immersed  in  a  6" 
x  1100°C  flame.  The  other  Detector  Unit  shall  be  positioned 
so  as  to  detect  the  flame  hut  shall  not  be  immersed  in  the 
flame.  The  6'  x  1100°C  flame  shall  be  supplied  by  a  burner 
as  detailed  in  Figure  No. 2  of  MIL-W-25038B.  An  equivalent 
burner  which  may  be  used  for  the  test  is  described  in  Fig.  No. 2 
of  Specification  TSO.C79. 

Tne  Detector  Un^t  shall  ba  immersed  in  the  6a  x  1100°C  flame 
for  a  period  or  5  minutes. 

Tne  system  shall  indicate  a  fire  within  1  second  after  exposure 
to  the  flame  and  shall  continue  to  indicate  for  the  entire 
S  minute  exposure. 

After  the  5  minute  period  the  flame  shall  be  extinguished  and 
the  system  shall  indicate  *flre  out”  within  1.5  seconds. 
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1 .  FOREWORD 


1.1.  Testing  Ainu 

The  system  te  be  tasted  consists  of  one  Control  Unit  type  53813-203, 
one  Control  Unit  type  53813-204,  one  Crew  Woming  Unit  type 
53813-202,  five  Dual  Detectors  type  53522-011,  five  Single 
Detectors  type  53521-012.  The  tests  to  be  performed  are  to 
demonstrate  the  system  compliance  to  MIL-STD-461A,  NOTICE  3, 
CLASS  A1,  and  MIL-STD-704A. 


1 .2.  Test  Methods 


1. 

CE01 

2. 

CEQ2 

3. 

CE03 

4. 

CF04 

5. 

CS01 

6. 

C$02 

7. 

CS06 

8. 

RE02 

9. 

RS02 

10. 

RS03 

11. 

12. 

NOTE  1 


Conducted  Emission  Power  Leods  30  Hz  to  20K  Hz. 

(Performed  for  data  purposes  only). 

Conducted  Emission  Signal  and  Control  Leads 
30  Hz  to  20K  Hz. 

Conducted  Emission  Power  Leods  1Q0K  Hz  to  50M  Hz. 

(Data  to  be  collected  from  14K  Hz  to  100K  Hz  for 
customer  Information). 

Conducted  Emission  Signal  and  Control  Leads 
20K  Hz  to  50M  Hz.  ( 

Conducted  Susceptibility  Power  Leods  30Hz  to  50Hz. 

Conducted  Susceptibility  Power  Leads  50K  Hz  to  400MHz  (Note  1) 

Conducted  Susceptibility  SPIKE  Power  Leads. 

Radiated  Emission  Electric  Field  14K  Hz  to  I0G  Hz. 

Radiated  Susceptibility  Magnetic  Induction  Field  (Note  3). 

Radiated  Susceptibility  Electric  Field  14K  Hz  to  1GHz.  (Note  2) 

Transient  Acceptance  to  MIL-STD-704A.  (Category  8). 

Chattering  Relay  Test  (See  Section  5). 


Signals  50K  Hz  -  200  M  Hz  Modulated  on  1  K  Hz  sine  wove  (80%  modulation). 
Signals  200  M  Hz  -  400  M  Hz  Modulated  on  I  K  Hz  square  wave 
(100%  Modulation). 


NOTE  2 

Signals  50  K  Hz  -  200  M  Hz  Modulated  on  1  K  Hz  sine  wave  (80%  modulation). 
Signals  200  M  Hz  -  1  G  Hz  Modulated  on  1  K  Hz  square  wave 
( 100%  modulation). 


NOTE  3 


The  procedures  and  limits  of  method  RS02(a)  ond  (b)  shall  apply  except 
that  the  voltage  E  of  part  (b)  shall  be  400  volts  across  5  ohms. 
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1.3.  Order  of  Tests 


a)  CE03,  b)  CE04,  e)  CE01,  d)  CE02, 

e)  CS01,  f)  CS02,  g)  RS03,  h)  RE02. 

j)  Transient  acceptance 

k)  CS06 

l)  RS02 

m)  Chattering  relay  test. 

1 .4,  Test  Controls 

All  test  set  ups  and  techniques  are  subject  to  control  by  MIL-STD-462, 
Notice  2. 


T  f  c, 


2.  TEST  FACILITY 


2.1.  Test  Facility  for  Test  Methods  1  to  11 


2.1.1.  Tests  will  be  performed  In  screened  rooms.  All  power  lines 
entering  screened  room  will  be  filtered. 

2. 1 .2.  All  test  equipment  will  be  boused  in  adjoining  screened  room 
for  radiated  tests.  All  power  lines  entering  screened  room 
will  be  filtered. 

2.1.3.  All  connections  between  screened  rooms  for  these  tests  will 
be  made  via  coaxial  leads  and  connectors  or  via  an  inter* 
connecting  screened  tube. 

2.1.4.  Coaxial  coble  insertion  loss  graphs  will  be  included  in  the 
test  report  where  measurements  above  100M  Hz  are  recorded. 

2.1.5.  Ambient  Interference  Measurements 

Prior  to  each  test  an  ombient  calibration  for  Conducted  and 
Radiated  Emission  will  be  performed  with  the  power  switches 
on  and  the  supply  line  loaded  with  an  impedance  equivalent  to 
the  system  under  test. 

2.1 .6.  The  test  facility  shall  supply  a  list  of  what  equipment  is  used  in 
each  test. 

2.1.7.  The  test  facility  shall  supply  detailed  descriptions  of  all  tes» 
settings  and  methods  according  to  MIL  STD  442  guide  lines. 

2.2.  Test  Facility  for  Test  Methods  7  and  12 


2.2.1 .  ^ascription  of  eircuit  used  to  produce  pulses  that  are  applied 
to  A.C.  Aircraft  supplies  for  test  method  CS06. 

2.2. 1 . 1 .  The  equipment  used  shall  consist  of  o  controlled 
timing  current  which  energises  a  transient  voltage 
pulse  generator  having  a  source  impedance  of 
50  ohm.  The  pulse  is  superimposed  on  the  supply 
so  that  it  coincides  with  the  peak  of  the  400  Hz 
waveform  either  positive  or  negative  going. 

2.2.2.  The  test  facility  shall  supply  a  list  of  what  equipment  is  used 
In  each  test. 

2.2.3.  The  test  facility  shall  supply  detailed  descriptions  of  all  test 
set  ups  and  methods  according  to  MIL  STD  442  guide  lines. 


<Ob 


CALIBRATION  OF  TEST  EQUIPMENT 


3. 1 .  Calibration 

All  equipment  used  (halt  be  calibrated  In  accordance  with  MIL-C-45662 

at  intervals  of  *!x  month*. 

3.2.  Accuracy 

Frequency  When  o  more  accurate  measurement  than  -  2%  of 

the  Indicated  frequency  of  the  EMI  Receiver  is 
required  a  frequency  counter  will  be  used. 

Amplitude  All  amplitude  measurements  will  be  within  -  2  dB 

of  the  indicator  value. 
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OPERATION  Of  THE  SYSTEM  AND  OTHER  INFORMATION 
REQUIRED  IN  PERFORMING  THE  E.M.C.  TESTS 


4.1.  Operation  of  jht  System  ^ 

4.1.1.  Condition  1  STANDBY 

THU  condition  if  whon  the  th/  source  1*  twitched off  and  tho  "FIRE** 
and  “FIRE  DET  FAIL"  Indicator!  am  not  tllumlnoted.  For  CE03  and 
RE02  a  tronslont  condition  should  bo  applied  by  depressing  flro  tost 
switch  periodically  during  tost  at  a  rate  of  at  least  3  operation/ 
resets  per  octave . 

4.1.2.  Condition  2  FIRE 

This  condition  Is  when  the  l N  source  Is  switched  on  and  the  "FIRE" 
indicators  are  illuminated  on  the  crew  warning  unit. 

4.1.3.  Test  Foclllty 

In  condition  1  a  confidence  check  can  be  carried  out  by 
depressing  the  "FIRE  DET  TEST'  switch  which  illuminates  both 
"FIRE 'Indicators,  and  depressing  the  "FAIL  IND  TEST"  switch 
which  Illuminates  the  "FIRE  DET  FAIL"  indicators. 

4.2.  Susceptibility  Criteria 

The  criteria  for  Susceptibiltty/t4on~ Susceptibility  will  be  as  follows:- 

Condition  !, illumination  of  ony  Crew  Warning  Unit  "FIRE"  and 
"FIRE  DETECT  FAIL"  indicators. 

Condition  ^cancellation  of  either  "FIRE"  indicators. 

General,  permanent  extinction  of  heod  emitters  when  fire  test  button  is 
depressed. 

4.3.  Signal  and  Control  Leads  to  be  measured  for  Conducted  Emission 

The  following  leads  will  be  classified  os  signal  and  control  leads  for  the 
Electromagnetic  Compatibility  Tests: 

All  leads  from  Detectors  to  Control  Unit  A. 

All  leads  from  Detectors  to  Control  Unit  B. 

Lead  from  Crew  Warning  Unit  Pin  l  to  Control  Unit  A  Pin  34 

Lead  from  Crew  Warning  Unit  Pin  2  to  Control  Unit  A  Pin  33 

Lead  from  Crew  Warning  Unit  Pin  9  to  Control  Unit  A  Pin  31 

Lead  from  Crew  Warning  Unit  Pin  1 1  to  Control  Unit  A  Pin  30 

Leod  from  Crew  Warning  Unit  Pin  10  to  Control  Uhlf  B  Pin  31 

Lead  from  Crew  Warning  Unit  Pin  12  to  Control  Unit  8  Pin  31 

Leod  from  Crew  Warning  Unit  Pin  3  to  Control  Unit  B  Pin  34  ^ 

Leod  from  Crew  Warning  Unit  Pin  4  to  Control  Unit  B  Pin  33 

Lead  from  Control  Unit  A  Pin  35  to  Control  Unit  B  Pin  18 

30  & 

The  leads  will  be  tested  os  o  bunch.  The  longest  cable  to  a  dual  heod  will 
be  tested.  The  longest  cable  to  a  single  heod  will  be  tested. 


Power  Leads  to  be  Tested: 

The  following  leads  will  be  classified  as  power  1 
Electromagnetic  Compatibility  Tests:* 

eads  for  the 

115V  400  Hr. 

Line  to  Control  Unit  A 

Pin  14 

115V  400  Hz. 

Neutral  to  Control  Unit  A 

Pin  13 

115V  400  Hz. 

Line  to  Control  Unit  A 

Pin  17* 

115V  400  Hz. 

Neutral  to  Control  Unit  A 

Pin  16* 

115V'  400  Hz. 

Line  to  Control  Unit  B 

Pin  14 

115V  400  Hz. 

Neutral  to  Control  Unit  B 

Pin  13 

28V  d.c. 

Positive  to  Control  Unit  A 

Pin  12 

28V  d.c. 

Negative  to  Control  Unit  A 

Pin  29 

28V  d.c. 

Positive  to  Control  Unit  B 

Pin  12 

28V  d.c. 

Negative  to  Control  Unit  B 

Pin  29 

28V  d.c. 

Positive  to  Crew  Warning  Unit 

Pin  6 

*  Not  to  be  monitored  in  CEOl,  02,  03,  04  Tests. 
4.5,  Power  Leod  Test  for  Conducted  Susceptibill 


All  live  or  positive*  of  4.4  (with  the  exception  of  those  marked  *) 
to  be  tested  with  respect  to  the  relevant  neutral  or  negatives  and 
with  respect  to  earth  or  by  series  injection  os  appropriate. 

All  neutrals  or  negatives  of  4.4  (with  the  exception  of  those  marked  *) 
to  be  tested  with  respect  to  earth  or  by  series  injection  as  appropriate. 


4.6.  Power  Lead  Connections  for  Transient  Ac 


ZTaZEj 


For  purpose  of  transient  acceptance  tests  power  cablet  will  be  linked 

as  fellows  and  treated  os  a  single  coble. 

1)  1 15V  400  Hz.  Line  to  Control  Unit  A  Pin  14 

1 15V  400  Hr.  Line  to  Control  Unit  A  Pin  17 

1 15V  400  Hr.  Line  to  Control  Unit  B  Pin  14 

are  all  linked  together. 

2)  115V  400  Hr.  NEUTRAL  to  Control  Unit  A  Pin  13 

1 15V  400  Hr.  NEUTRAL  to  Control  Unit  A  Pin  16 

1 15V  400  Hz.  NEUTRAL  to  Control  Unit  B  Pin  13 

are  all  linked  together. 

3)  28V  d.c.  POSITIVE  to  Control  Unit  A  Pin  12 

28V  d.c.  POSITIVE  to  Control  Unit  B  Pin  12 

28V  d.c.  POSITIVE  to  crew  warning  unit  Pin  6 

are  all  linked  together 


4)  28V  d.c.  NEGATIVE  to  Control  Unit  A  Pin  29 

28V  d.c.  NEGATIVE  to  Control  Unit  B  Pin  29 

are  all  linked  together. 


4.7.  Grounding 


4.7. 1 .  The  Control  Unit  and  detectors  shall  bo  bonded  to  the 
Ground  plane  via  short  brass  strops  or  broding  strops, 
using  dogger  pins  and  retaining  screws  to  simulate 
aircraft  installation. 

4.7.2.  Bonding  between  the  control  unit  and  the  ground  plone 
must  be  equal  to  or  leu  than  2.5  milliohms  DC  resistance, 
and  must  be  recorded  as  data  in  the  report. 

4.7.3.  The  Control  Unit  Pin  15  will  be  bonded  to  the  Ground 
plone  via  the  shortest  practical  length  of  wire. 

4.7.4.  The  negative  leod  of  the  28V  d.c.  supply  will  be  bonded 
to  the  Ground  plane  from  the  screened  room  wall  terminal . 

4.8.  Leod  Length 

4.8. 1.  The  screened  leads  from  the  control  unit  to  the  detectors 
will  be  60  ft  on  one  detector  and  20  ft  on  the  remaining 
four  detectors  for  each  system . 

4.8.2.  The  leads  from  the  control  units  to  the  crew  warning  unit 
shall  be  15  ft. 

4.8.3.  The  power  leads  to  the  control  units  will  be  a  nominal 

3  ft  long  for  the  conducted  tests  and  6  ft  for  radiated  tests . 

5.0.  Chattering  Relay  Test 

No  change  in  indications,  malfunctions  or  degradation  in  performance 
shall  be  indicated  in  any  equipment  and/or  its  load  when  exposed  to 
an  impulse  type  electromagnetic  field  generated  by  a  type  MS  25271 
relay  (or  an  acceptable  equivalent)  when  wired  for  continuous 
operation  with  o  switch  in  series  with  the  positive  side  of  the  line 
from  a  28V  d.c.  power  source .  No  suppreuion  components 
(shielding  diode  etc.)  shall  be  attached  to  the  relay  or  its  wiring. 

The  unshielded  positive  lead  leaving  the  switch  shall  be  laid  over 
three  sides  of  the  test  sample  and  then  connected  to  the  relay. 

The  unshielded  return  lead  from  the  relay  shall  be  taped  to  and  in 
parallel  with  input  power  leads,  signal  leads  and  interconnecting 
leads.  The  total  length  of  each  external  wiring  homeu  parallel 
with  the  relay  circuit  shall  not  be  leu  than  60".  The  28  volt  input 
shall  be  reversed  and  the  transient  repeated. 


"Test  Layout  F»c  I 


Lucas  Aerospace 

Engineering  Report 


Radio  Interference^ Report  No.  LM  8o8?6 
GRAVINER  LTD  ADVANCED  AIRCRAFT  ENGINE 

FIRE  DETECTION  SYSTEM. 


Author. 


. Date.7-lr.SP 


P.P.  Curtis 


Approved  by....5Un«ffeilL . Date  A*.  2 

P.D.  Campbell 


Lucas  Aerospace  Electrical  Division 

Maylands  Avenue  Hemel  Hempstead  Hertfordshire  England 

Cuwtoisiii  19 

3  !  3 


Fit*  Copy 


Lucas  Aerospace 

TEST  HOUSE  CERTIFICATE 


lucis  AtrospAct  Limned 
Electrical  Division 
Msylsndi  Avenue 
Hemel  Hempstesd 
Hertfordshire  HP2  4SP 

Tsltphont:  Hemel  Hsmptissd  42233 
Tel«:  82110 


issued  Under 

Defence  Quelity  Assurance  Boerd  Approval  No.  12870  Serial  No.  H  j  54  5 

Civil  Aviation  Authority  Reference  D.A.1. 1265/39  ' 


TO: 

ORAVINER  VTD 

pans  road 

COUfBROOK 
SLOUCH  SL3  CEB 


CONTRACT  No.  fr&k 
RELEASE  NOTE  No. 


REQUIREMENTS  OFCUSTOMER'S  ORDER: 

E.N.C.  teata  to  HXX^nMiti  Not  loo  2  end  HlL-OTIMi^TA  Notice  3 
m  detailed  la  Orsnrlaer  Teat  Pimm  3.3*80  I—m  < 


DESCRIPTION: 

ASVANOD  AZRCBAVT  FIBS  DgTBCTION  SYSTM. 


REPORT: 


IN  80876 


CERTIFICATION. 

*  Candied  Om  inn  Mm  so*  011O  on  so  me  wpowenoww  eflho  Phial  Caetutrae. 
QaUeee  Quehi»  Aowo  ft— ad. 

'Cartifiad  that  tha  abova  mentioned  apaataaerWpeeaaMaeaaielt/tvttemi  have  been 
twttd/aaaoiatd  in  accordance  with  tha  terms  of  tha  contract/oeder  applicable  thereto 
and  uniaat  otharwua  ttatad  conform  fully  to  tha  ttinriaada/spacn  ■cations  quoted  herson 
and  tha  requirtmentt  of  tha  Civil  Aviation  Authority. 

This  doat  not  guarantaa  tha  bulk  of  tha  itemt/maaewel  to  ba  of  equal  quality. 


Oata  5  —  SO  Signed; 

For  and  on  behalf  of  Lucas  Aerotpece  Ltd. 


GRAVINER  6 
A.R.  Shnrp 
File 


Summary 


The  Graviner  Advanced  Aircraft  Fire  Detection  system  was  tested  to  Test  Plan 
31.3.80  issue  4.  The  system  comprised  of  two  control  units  types  53813-203 
and  53813 -204,  one  Crew  Warning  Unit  type  53813-20?,  five  Dual  Detectors  type 
53522-OH  and  five  Single  Detectors  type  53521-012. 

The  tests'were  performed  to  demonstrate  the  system  compliance  to  NIL-STD-4^1A, 
Notice  3 1  Class  A1  and  MIL-STD-704A. 

The  equipment  complies  with  the  requirements  of  the  following  teats:- 

CE.01  30Hz  to  20KHz  Conducted  Emissions  Narrowband  Power  leads. 

CE.02  30Hz  to  20KHz  Conducted  Emissions  Narrowband  Signal  and  Control  leads. 
CE.03  lOOKHz  to  50MHz  Conducted  Emissions  Broadband  and  Narrowband  Power 
leads.  Condition  1  Standby,  and  Condition  2  fire. 

RE.O?  14KHz  to  1GHz  Radiated  Emissions  Broadband  Condition  1  Standby. 

RE. 02  14kHz  to  100Hz  Radiated  Emissions  Narrowband  Condition  1  Standby, 
and  Condition  2  fire. 

CS.01  Conducted  Susceptibility  Power  leads  30Hz  to  50KHz 
CS.O?  Conducted  Susceptibility  Power  leads  50XHz  to  40CMHz 
RS.03  Radiated  Susceptibility  14KHz  to  1GHz. 

The  equipment  has  emissions  outside  the  specified  broadband  limits  in  the 
following  tests:- 


CE.03  Fire  detect  test  transients. 

The  following  leads  showed  transient  emissions  out  of  limit  caused  by  the 
operation  of  the  fire  detect  teat  switch  on  the  Crew  Warning  Unit. 


115V  line  Control  A  pin  14 
115V  Neutral  Control  A  pin  13 
28V  dc  Positive  Control  A 
28V  dc  Negative  Control  A 
115V  Neutral  Control  B 
28V  dc  Positive  Control  B 
28V  dc  Negative  Control  B 
28V  dc  Positive  C.W.U. 


7MHz,  10MHz,  15MHz  and  20MHz 
5MHz,  7MHz,  10MHz,  15MHz  and  20MHa 
30KHz,  15KHz  and  20MHz 
15MHz  and  20 MHz 
5 MHz,  ?MHz,  10MHz  and  15MHz 
?MHz,  10MHz,  15MHz  and  20MHz 
20MHz 

500KHZ,  700KHZ,  1MHz,  1.5MHz,  2.0MHz 
3MHz,  4MHz,  5MHz,  7MHz,  10MHz,  15MHz 
20MHz. 


CE.04  20KHz  to  50MHz  Conducted  Emissions  Signal  and  Control  leads. 

Condition  1,  Standby. 

Bunch  1,  (All  leads,  Detectors,  Control  Units,  Crew  Warning  unit  excluding 
Power  supplies).  Transient  emissions  caused  by  "detector  self  test  check", 
out  of  limits  between  450KHz  and  9.5MHz. 

Bunch  2,  (Single  detector  long  cable  bunch).  Emissions  out  of  limit  as  above 
between  450KHz  and  10.5MHz. 

Bunch  3,  (Dual  detector  long  cable  bunch).  Emissions  out  of  limit  as  above 
between  650KHz  and  4.0MHz. 

Condition  2,  Fire. 

Bunch  1,  (All  lead,  detectors,  Control  Units,  crsw  warning  unit  excluding 
power  sup-  ea).  Emissions  caused  by  "detection  of  fire"  above  the  limit 
between  450a-Hz  and  10MHz. 

Bunch  2,  (Single  Detector  long  cable  bunch).  Emiesions  out  of  limit  as  above 
between  500KHz  and  14MHz. 


3  I  t 


Bunch  3, (Dual  Detector  long  Cable  bunch)  Bnissiona  out  of  limit  as  above 
between  550KHz  and  8MHz. 

RE. 02  Radiated  Emissions  Electric  Field  14KH2  to  105Hz. 

Fire  Detect  Transients. 

The  following  frequencies  show  transient  emissions  out  of  limit  caused  by 
the  operation  of  the  fire  detect  teat  switch  on  the  Crew  Warning  Unit. 

20KHz,  30KHz,  45KHz,  fi5KHz,80KHz,  lOOKHz,  150XHz,  200KHz,  1MHz,  3MHz, 

4 MHz,  10MHz,  40MHz  and  150MHz. 

Condition  2  Fire. 

The  radiated  emissions  were  marginally  above  the  limit  between  i4KHz  and  20KHz 
and  5 • 75MHz  and  6.5MHz. 

The  transient  voltage  and  spike  tests  undertaken  at  Lucas  Aerospace  Ltd., 
Bradford  are  detailed  in  a  separate  report  included  within  this  report. 

See  appendix  No.  5. 
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Introduction 


This  report  details  E.M.C.  teats  carried  out  on  the  Qraviner  Ltd.,  Advanced 
Aircraft  Engine  Fire  Detection  System.  The  testa  described  herein  were  carried 
out  in  Accordance  with  the  Graviner  Ltd.,  Teat  Plan  No.  31-3-80  issue  4. 

The  testa  described  in  this  report  were  carried  out  at  Lucas  Aerospace 
facilities  at  Hemel  Hempstead  and  Bradford. 

Equipment  Under  Test 

Ultra  Violet  Advanced  Fire  Detection  Control  Unit  Pt.  No.  53813-703 
Serial  No.  100. 

Ultra  Violet  Advanced  Fire  Detection  Control  Unit  Pt.  No.  53813-704 
Serial  No.  100. 

Crew  Warning  Unit  Pt.  No.  53813-202  Serial  No.  100. 

5  off  Single  Detector  Units  Pt.  No.  53521-012. 

5  off  Dual  Detector  Units  Pt.  No.  53522-011. 

Associated  Equipment. 

Aircraft  cable  form 
Neon  lights 
Gnd  ^est  box. 

Fibre  optic  cables  for  system  warning  lamps. 

Test  Equipment 

Stoddart  91550-1  current  probe  Ser.  No.  4,71/130 
Stoddart  91197-1  current  probe  Ser.  No.  718 
Electro-Metrics  CIG.75  impulss  generator 

Fairchild  PCL-10  current  probe  ♦  PCL10A  amplifier  Ser.  No.  471 
Electro-Metrics  Antenna  Selector  SU1?5  Ser.  No.  143 
Fairchild  RVR  25  Rod  antenna  and  coupler  Ser.  No.  6-23 
Fairchild  BIA  75  Biconical  antenna  Ser.  No.  6-75 

;<  I  U 
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Teat  Equipment  (Cont*d) 

Stoddart  93490-1  Conical  log-spiral  antenna. 

D1C0  3103  Conical  log-spiral  antenna  Ser.  No.  2127 

EMCO  3105  Double  Ridded  Guide  Antenna  Ser.  Mo.  2091 

Electro-Metrics  Log  periodic  antnnna  LA-70 

Lucas  manufactured  mono-conical  antenna 

I.F.I.  EFG  2  broadband  antenna  Ser.  No.  34 

Solar  6552  audio  amplifier 

Solar  62201A  audio  transformer 

Solar  <5512  IOuF  Feedthrough  capacitors  9  off 

Dubiliier  SBC  45  IOuF  feedthrough  cpacitors  2  off 

Marconi  V.T.V.M.  TF  2604  Ser.  No.  200933/037 

Marconi  T.F.200  Signal  Generator  Ser.  No.  54706/14 

Marconi  T.F.144H4  Signal  Generator  Ser.  No.  53698/12 

Marconi  T.F.  801D/1  Signal  Generator  Ser.  No.  53599/24 

Marconi  V.T.V.M.  TF1041B  Ser.  No.  JA217/484 

Fairchild  EMC10E  Measuring  Set  Ser.  No.  10471E 

Electro-Metrics  EHC25  MK  III  Measuring  Set  Ser.  No.  366 

Stoddart  NM65T  Measuring  Set  Ser.  No.  145. 

Electro-Metrics  Programmer  ESC  125A  Ser.  No.  146 
Electro-Metrics  X-Y  plotter  125B  Ser.  No.  003 
I.F.I,  LPA  Levelling  pre-amplifier  Ser.  No.  0374942. 

I.F.I.  EFS1  E-Field  Sensor  2  off 

I.F.I.  LMT  Light  Modulator/Tranemitter  2  off 

Bird  8135  termallne  co-axial  resistor  Ser.  No.  6829 

Radial  ^dB  pad  15  watt. 

I.F.I.  Wideband  amplifier  Ser.  No.  0374938 
Coupling  capacitors  Lucas  I.OuF,  O.luF  and  O.OluF 
2  off  fibre  optic  cables 

AML  C203  powsr  signal  generator  Ssr,  No.  125 

AML  7050H  plug-in-hoad  ?00-450MHz  Ser.  No.  119  ( 

AML  7051  AH  plug-in-head  450-75OMHZ  Ssr.  No.  104 

AML  7051BH  Dlug-in-hesd  750- 1GHz  Ser.  Mo.  105. 

VlC 


Report  No.  LM  8o8?6 


Lucas  high  pass  filter  (400Hz  isolation) 

Lucas  2^uH  choke. 

Texnean  filters:-  MOD  ALE  330AB  Ser.  No.  7*88-1 
MOD  6LE  494A3  Ser.  No.  288d-1 
MOD  6LE  ?4lAB  Ser.  No.  2890-1 
MOD  6LD  1111AB  Ser.  No.  2891-1 
Solar  7021-1  phase  Shift  network 
Solartron  1484  True  RMS  voltmeter  Ser.  No.  137366 


E.H.C.  Teste  General 

The  tests  were  carried  out  in  a  screened  enclosure  as  described  in  the  test 
plan.  Interconnection  cable  assemblies  simulated  the  actual  installation* 
and  use.  Leads  that  are  screened  in  the  normal  Installation  were  screened 
in  the  teat  installation.  As  far  as  nosalbla,  cables  and  equipments  were 
arranged  so  that  no  shielding  was  interposed  between  the  test  sample,  cables, 
and  measuring  antennas.  All  leads  and  cables  were  within  10  ^  2  cm  of  the 
edge  of  the  ground  plane  and  approximately  5  cm  above  the  ground  plane. 
Grounding  of  the  system  units  was  accomplished  by  copper  braid  attached  to 
a  single  ground  point.  All  the  ground  strape  had  an  impedance  of  between 
0.75  mohmo  and  1  mohm. 

The  teet  sample  layouts  are  shown  in  appendix  1. 

Screened  Room  Supplies 

The  115V  a.c.  4o0Hz  Supplies  and  the  ?8V  d.c.  Supplies  were  brought  into  the 
screened  room  via  filters  located  within  the  screened  room  walle, 
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E.i'i.C.  Teat  CE.03 


Conducted  emissions  Power  leads  lOKHz  to  50MHz. 

Test  equipment* 

a)  Current  probes  Stoddart  9155^-1  and  Q11Q7-1 

b)  Electro-Metrics  EMC25  MK.UI  measuring  set  Ser.  No.  3 66 

c)  Ten  microfarad  capacitors. 

d)  Electro-Metrics  Programmer  ESC  25A. 

Test  Schedule. 

The  E.M.C.  test  was  conducted  in  accordance  with  the  requirements  of 
MIL-STD-461A  Notice  3  and  MIL-STD-462  Notice  2,  test  CE.03. Input  power 
supplies  to  the  test  items  were  connected  via  IOuF  feedthrough  capacitors 
bonded  to  the  ground  plane.  There  was  a  minimum  separation  between  cables, 
leads  end  the  ground  plane  of  5  cm*  The  length  of  each  power  lead  between 
the  test  sample  and  the  IOuF  capacitor  was  s  minimum  of  one  metre.  The 
arrangements  for  the  teat  are  illustrated  in  appendix  1  Fig.  No.  i.  The 
power  leads  which  were  separately  measured  for  conducted  emissions  were  as 
follows:- 

115V  400Hz  Line  to  Control  Unit  A  Pin  14 
115V  400Hz  Neutral  to  Control  Unit  A  Pin  13 
28v  d.c.  Positive  to  Control  Unit  A  Pin  12 

28V  d.c.  Negative  to  Control  Unit  A  Pin  29 

115V  400Hz  Line  to  Control  Unit  B  Pin  14 
115V  4oOHz  Neutral  to  Control  Unit  B  Pin  13 
28V  d.c.  Positive  to  Control  Unit  B  Pin  12 

28V  d.c.  Negative  to  Control  Unit  B  Pin  29 

28V  d.c.  Poaitive  to  Crew  Warning  Unit  Pin  6 


( 

■->  2 
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Each  lead  was  subjected  to  3  modes  of  test  as  follows 
Condition  1.  STANDBY. 

Where  the  U.V.  source  is  switched  off  and  the  '*FIRE"  and  "FIRE  DBF  FAIL" 
indicators  were  not  illuminated. 

Condition  1  (a). 

Test  samples  were  set  as  for  STANDBY. A  Transient  condition  was  applied  by 
depressing  the  fire  test  switch  periodically  at  a  rate  of  approximately  3 
operatiojv'reaets  per  octave. 


Condition  2  FIRE. 

Where  the  U.V.  source  was  switched  on  and  the  "FIRE"  indicators  were 
illuminated  on  the  crew  warning  unit. 

Test  Results 

The  test  results  are  contained  in  appendix  2,  the  appendix  contains  X-Y 
plot  data  of  the  conducted  emissions  on  each  power  line  listed  in  the  schedule. 
Page  nos.  1  to  9  inclusive  appendix  2  detail  the  conducted  emissions  when  the 
system  was  operated  in  conditions  1  and  1  (a). 

At  no  frequency  are  there  emission  above  the  limit  when  the  system  is 
operated  in  Standby,  condition  1. 

v/hen  the  system  was  operated  in  condition  1(a)  the  following  above  limit 
emissions  were  recorded. 
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LEAD 

X-Y 

PAGE  NO. 

FREQUENCY 

dB  ABOVE  LIMIT 

115V 

Line  Control  A 

1 

5.0KRE 

0.5 

•i 

'•  "  A 

7.0MHz 

5.0 

•*  "  A 

1 

10.0MHz 

3.5 

H 

"  "  A 

1 

15.0MH* 

3.0 

If 

•*  "  A 

1 

20.0MHz 

1.0 

115V 

Neutral  Control  A 

2 

5.0MHz 

1.5 

«• 

ff  tl  ft 

2 

7.0MHz 

8.5 

ft 

ff  ft  tl 

2 

10.0MHz 

9.0 

II 

II  ft  tl 

2 

15.0MHz 

8.5 

If 

ft  ft  tl 

2 

20.0MHz 

4.0 

28V  C 

.c.  Poaitive  Control  A 

3 

30.0K!Tz 

0.5 

ft 

If  tf  H 

3 

85.OKHZ 

0.5 

ri 

tf  ft  tf 

3 

15.0MHz 

4.0 

ft 

ft  ft  ft 

3 

20.0MHz 

6.5 

28V  dc  Negative  Control 

A 

4 

15.0MTz 

5.0 

ff 

ft  ff  II 

4 

2C.0MHz 

10.0 

115V 

Neutral  Control  B 

6 

7.0MHz 

10.0 

•f 

If  If  ft 

6 

10.0MHz 

12.0 

ft  ff  It 

6 

15.0MHz 

12.0 

28V  dc  Poaitive  Control 

B 

7 

7.0MHz 

1.0 

»! 

M  ff  II 

7 

10.0MHz 

0.5 

ff 

fl  ft  fl 

7 

15.0MHz 

8.0 

tl 

ff  ff  ff 

7 

20.0MHz 

5.0 

28V  dc  Negative  Control 

B 

8 

70.0MHz 

2.0 

28V  dc  Positive  C.'./.U. 

9 

500KHz 

4.0 

ft 

ff  tf  ft 

9 

700KHz 

1.5 

It 

ft  ff  tf 

9 

1.0MHz 

7.0 

It 

ft  tf  fl 

9 

1.5MHz 

5.0 

tf 

tf  ff  II 

9 

2.0MHz 

9.0 

ff 

ff  ff  ft 

9 

3.0MHz 

2.0 

ff 

ft  ft  fl 

9 

4.0MHz 

5.0 

ff 

fl  If  ft 

9 

5.0MHz 

5.0 

ft 

fl  ft  fl 

9 

7.0MHz 

4.0 

II 

•1  ft  ff 

9 

?/4 

10.0MHz 

14.0 

ff 

ff  ft  ft 

9 

15.0MHz 

5.0 

•  f 

ff  if  It 

n 

POMHr. 
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Page  Nos.  10  to  18  inclusive  a pp.  2  detail  the  power  lead  conducted 
emissions  when  the  system  is  operated  in  condition  ?.  "FIRE1*. 

The  X-Y  plots  show  that  there  are  no  emissions  above  the  limit. 

Throughout  all  modes  of  system  operation  there  were  no  narrowband  emissions 
and  therefore  the  system  meets  the  narrowband  requirements. 


/  ' 
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EMC  Teat  CX.04 


Conducted  emissions  Signal  and  Control  leads  20KHz  to  50MHs. 

Teat  equipment. 

a)  Current  probes  Stoddart  91550-1  and  Q 1197-1 

b)  Elect ro-Hetries  D4C-25  MK.III  measuring  set  Ser.  No.  566 

c)  Ten  microfarad  capacitors 

d)  Electro-Metrics  programmer  ESC  25A. 

Test  Schedule. 

The  E.M.C.  teat  was  conducted  in  accordance  with  the  requirements  of 
MIL-STD-461A  Notice  3  and  MIL-STD-462  Notice  2,  test  CE.04  Input  power 
supplies  to  the  teat  items  were  connected  via  10uF  feedthrough  capacitors 
bonded  to  the  ground  plane.  There  was  a  minimum  separation  between  cables, 
leads  and  the  ground  plane  of  5  cm.  The  length  of  each  power  lead  between 
the  teat  sample  and  the  10uF  cepscitor  was  a  minimum  of  one  metre.  Tne 
arrangements  for  the  teat  are  illustrated  in  appendix  1  Fig.  No.  1.  The 
control  and  signal  lead  bunchea  were  aeparately  measured  for  conducted 
emissions  as  follows 

Bunch  1,  All  leads,  Detectors,  Control  Units,  Crew  Warning  Unitj excluding 
power  supplies. 

Bunch  2.  Single  detector  long  cable  bunch. 

Bunch  3.  Dual  detector  long  cable  bunch. 

Each  bunch  was  subjected  to  2  modes  of  test  as  follows 


Condition  1  STANDBT. 

Where  the  U.V.  source  is  switched  off  and  the  "FIRE"  and  "FIRE  DET.  FAIL" 
indicators  were  not  illuminated. 
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Condition  2  FIRE. 

Where  the  U.V.  source  was  switched  on  and  the  "FIRE”  indicators  were 
illuminated  on  the  crew  warning  unit. 

Test  Results. 

The  test  results  are  contained  in  appendix  2,  the  appendix  contains  X-Y 
plot  data  of  the  conducted  emissions  on  each  bunch  listed  in  the  schedule. 

Page  nos.  19  to  21  app.  2  inclusive  detail  the  conducted  emissions  when 
the  system  was  operated  in  condition  1,  Standby. 

The  X-Y  plot  on  page  19  app.  2.  Bunch  1,  shows  transient  emissions  above 
the  limit  between  450KHz  and  9.5MHz.  The  maximum  emission  above  the  limit 
is  25dB  between  2.3  and  2.4 MHz. 

Page  20  app.  2,  Bunch  2,  shows  transient  emissions  above  the  limit  between 
450KHz  and  11.75MHz.  The  maximum  emission  above  the  limit  is  22dB  between 
2.3  and  2.4MHz. 

Page  21  app.  2,  Bunch  3i  shows  transient  emissions  above  the  limit  between 
600KHz  and  8O0KHz,*nd  between  1.2MHz  and  4MHz.  The  maximum  emission  above  the 

limit  is  25dB  between  2.3  and  2.4MHz. 

Page  nos.  22  to  24  app.  2.  inclusive  detail  the  conducted  emissions  when  the 
system  is  operated  in  condition  2,  Fire. 

The  X-Y  plot  on  page  22,  app. 2,  Bunch  1,  show#  emissions  above  the  limit 
between  450KHz  and  10MHz.  The  maximum  emission  above  the  limit  ia  27dB 
between  2MHz  and  2.2MHz. 

The  X-Y  plot  on  page  23.  anp.2,  Bunch  2,  shows  emissions  above  the  ’imit 
between  480KHz  and  6lOKHz,  and  between  85OKHZ  and  13MHz.  The  maximum  emission 
above  the  limit  is  20.5  dB  between  2.05MHz  and  2.3MHz. 

The  X-Y  plot  on  page  24,  anp.  2,  Bunch  3,  shows  emissions  above  the  limit 
between  580KHz  and  670KHz,  between  1  MHz  and  5MHz,  at  6.6MHz  and  at  7.8MHz. 

The  maximum  emission  occurs  at  2.1MHz  and  is  28.5d3  above  the  limit. 

Throughout  the  two  modes  of  system  operation  there  were  no  narrowband  emissions 

I 

and  therefore  the  system  meets  the  narrowband  requirements. 
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E.M.C.  Test  CE.Q1 


Conducted  emissions  Power  leads  30Hz  to  20KH*. 

Test  Equipment. 

a)  Current  Probe  PCL-10 

b)  PCL  10A  Amplifier  for  use  with  (a). 

c)  Electromagnetic  Interference  Meter  Fairchild  EMC10E 

d)  IQuF  feedthrough  capacitors 

e)  Electro-Metrics  Programmer  ESC  25A. 


Test  Schedule. 

The  E.M.C.  test  was  conducted  in  accordance  with  the  requirements  of 
MIL-STD-461A  Notice  3  and  MIL-STD-462  Notice  2  test  CE.Ol.  Input  power 
supplies  were  connected  to  the  test  items  via  10uF  feedthrough  capacitors 
bonded  to  the  ground  plane.  There  was  a  minimum  separation  between  leads, 
cables  and  the  ground  plane  of  3cm.  The  length  of  each  power  supply  lead 
between  test  sample  and  the  lOuF  capacitor  was  a  minimum  of  one  metre. 

The  Arrangements  for  the  test  are  illustrated  in  appendix  1,  fig.  No.  1. 

The  power  supply  leads  which  were  separately  measured  for  conducted  emissions 
were  as  folio- s:- 


115V  400Hz  line  to  Control  Unit  A  Pin  14 
115V  400Hz  Neutral  to  Control  Unit  A  Pin  13 
28V  dc  Positive  to  Control  Unit  A  Pin  12 

23V  de  Negative  to  Control  Unit  A  Pin  29 

115V  400Hz  Line  to  Control  Unit  8  Pin  14 
115V  400Hz  Neutral  to  Control  Unit  B  Pin  13 
28V  dc  Positive  to  Control  Unit  3  Pin  12 

28V  dc  Negative  to  Control  Unit  B  Pin  29 

28V  dc  Poeltive  to  Crew  Warning  Unit  Pin  6. 

Each  lead  was  subjected  to  2  modes  of  test  as  follows 


Condition  1  STANDBY.  32  P- 

Whore  the  U.V.  source  is  switched  off  and  the  "Fire"  and  "Fire  Det.  Fail" 
indicators  wero  not  illuminated. 
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Condition  2  FIRE. 

Where  the  U.V.  source  whs  switched  on  and  the  "FIRE"  indicators  were 
illuminated  on  the  crew  warning  unit. 

Test  Results. 

The  test  Results  are  contained  in  appendix  2,  the  appendix  contains  X-Y 
plot  data  of  the  conducted  emissions  on  each  power  line  listed  in  the 
schedule.  Page  nos.  25  to  33  app.  2  inclusive  detail  the  conducted  emissions 
when  the  system  was  operated  in  Condition  1.  At  no  frequency  were  there 
narrowband  emissions  above  the  limit  when  the  system  was  operated  in 
Condition  1,  STANDBY. 

Page  nos.  34  to  42  inclusive  appendix  2  detail  tha  power  lead  conducted 
emissions  above  the  limit  when  the  system  was  operated  in  condition  2  "FIRE". 
The  X-Y  plots  show  that  there  are  no  narrowband  emissions  above  the  limit. 
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E.H.C.  Test  CE.02 


Conducted  emissions  signal  and  control  leads  30Hz  to  20101a. 

Test  equipment  * 

a)  Current  Probe  PCL-10 

b)  PCL  10A  Amplifier  for  use  with  (a) 

c)  Electromagnetic  Interference  Meter  Fairchild  EMC10E 

d)  Electro-metrics  Programmer  ESC  25A. 

Teat  Schedule. 

The  E.M.C.  test  was  conducted  in  accordance  with  the  requirements  of 
MIL-STD-461A  Notice  3  and  MIL-STD-462  Notice  2,  test  CE.02.  Input  power 
supplies  were  connected  to  the  test  items  via  IOuF  feedthrough  capacitors 
bonded  to  the  ground  plane.  There  was  a  minimum  separation  between  cables, 
leads  and  the  ground  plane  of  5cm.  The  length  of  each  power  lead  between  the 
test  sample  and  the  IOuF  capacitor  was  a  minimum  of  one  metre.  The  arrangements 
for  the  teat  are  illustrated  in  appendix  1.  Fig.  No.  1.  The  control  and 
signal  lead  bunches  were  separately  measured  fo.  conducted  emissions  as 
follows : - 

Bunch  1,  All  leads,  Detectors,  Control  Units,  Crew  Warning  Unit, excluding 
power  supplies. 

Bunch  2.  Single  Detector  long  cable  bunch. 

Bunch  3*  Dual  Detector  long  cable  bunch. 

Each  bunch  was  subjected  to  two  modes  of  test  as  follows 

Condition  1.  STANDBY. 

Where  the  U.V.  source  was  switched  off  and  the  "FIRE”  and  "FIRE  DST.  FAIL" 
indicators  we  not  illuninated. 

Condition  2.  FIRE. 

Where  the  U.V.  sourct  was  switched  on  and  the  "FIRE"  indicators  were 
illuminated  on  :he  cr*'W  warning  unit. 

3  3C 
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Test  Results. 

The  test  results  are  contained  in  appendix  2,  the  appendix  contains  X-Y 
plot  data  of  the  conducted  emissions  on  each  b'inch  listed  in  the  schedule. 
Page  nos.  43  to  43  app.  2.  inclusive  detail  the  conducted  emissions  when 
the  system  was  operated  in  condition  1  Standby.  Page  nos.  46  to  48  app.  2 
inclusive  detail  the  conducted  emissions  when  the  system  was  operated  in 
condition  2  Fire.  No  X-Y  plot  shows  narrowband  emissions  above  the  limit. 
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E.H.C.  TEST  RE. 02 

Radiated  Emission  14KHz  to  10GHz  Electric  Field. 

Test  equipment. 

a)  Test  antennas  41"  Rod,  Bi-conical,  Conical  log  Antenna,  Double  ridged 
guide  Antenna. 

b)  E.M.I.  meters  QIC  25  and  NM65T 

c)  Electro-metrics  programmer  ESC25A 

d)  IOuF  feedthrough  capacitors. 

Test  Schedule. 

The  E.M.C.  test  was  conducted  in  accordance  with  the  requirements  of 
MIL-STD-461A  Notice  3  and  MIL-STO-462  Notice  2,  test  RE.02.  Input  power 
supplies  to  the  test  items  were  connected  via  lOuf  feedthrough  capacitors 
bonded  to  the  ground  plane. 

There  was  a  minimum  separation  between  cables,  leads  and  the  ground  plane 
of  5cm.  The  length  of  each  power  lead  between  the  test  sample  and  the  IOuF 
capacitor  was  a  minimum  of  two  metres.  The  arrangements  for  the  test  ars 
illustrated  in  appendix  1.  Fig.  nos.  2,  3,  4  and  5.  The  system  was  tested 
in  three  modes  as  follows 

Condition  1.  STAND3Y. 

Where  the  U.V.  source  has  switched  off  and  the  "FIRE”  and  "FIRE  DET.  FAIL" 
indicators  were  not  illuminated. 

Condition  1(a). 

Teat  samples  were  set  up  as  for  STANDBY.  A  Transient  condition  was  applied  by 
depressing  the  fire  test  switch  periodically  at  a  rate  of  approximately  3 
operat ion/resetn  per  octave. 
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Condition  2.  FIRE. 

Where  the  tj.v.  source  wee  switched  on  end  the  "FIRE*'  indicators  were 
illuninated  on  the  crew  warning  unit. 

Test  Results 

The  test  results  are  contained  in  appendix  2,  the  appendix  contains  X~Y 
plot  data  of  emissions  in  all  three  modes  of  operation. 

Page  49  and  50  show  the  radiated  broadband  emissions  from  l4KHz  to  10Hz 
when  the  syotem  was  operated  in  inodes  1  and  1  (a). 

In  mode  1,  Standby  the  only  emissions  above  the  limit  occur  at  i5KHz  and 
16KHZ  where  the  levels  are  both  0.5  dB  above  the  limit.  There  were  no 
narrowband  emissions  exhibited  on  the  X-Y  plot. 

In  mode  K*)  the  following  above  limit  transient  emissions  were  recorded. 


X-Y  PAGE  NO. 

FREQUBICY 

dB  ABOVE  LIMIT 

49 

14KHz 

3 

49 

20KHz 

12.5 

49 

30KHZ 

13 

49 

45KHZ 

14.5 

49 

65KHZ 

15 

49 

80KHz 

12 

49 

lOOKHz 

9.5 

49 

I^OKHz 

2.5 

49 

200 KHz 

8.5 

49 

1MHz 

%5 

49 

3  MHz 

6 

49 

4MHz 

7 

49 

10MHz 

5 

49 

40MHz 

2 

50 

150MHz 

2 

1.  x  ■ 
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Graph  nos.  5 1  and  $2  show  the  narrowband  X-Y  plot  1- 10GHz  for  whan  tha 
system  was  operated  in  "Standby".  There  are  no  narrowband  emissions. 

The  emissions  above  the  limit  shown  on  band  1  are  broadband. 

The  X-Y  plots  on  pages  53  and  5*+  show  the  radiated  broadband  emissions  from 
14KHz  to  10Hz,  when  the  system  was  operated  in  mode  2  "Fire". 

The  radiated  emissions  above  the  limits  occur  at  between  14KHz  and  l8KHz, 
and  5.75MHz  and  6.6MHz.  The  maximum  emission  occurred  at  6.4MHz,  where 
the  level  was  6dB  above  the  limit.  There  were  no  narrowband  emissions 
exhibited  on  the  X-Y  plot.  Oraph  nos*  55  and  56  show  narrowband  X-Y  plot 
1-lOQHz  for  when  the  system  was  operated  in  "Fire".  There  were  no  narrowband 
emissions.  The  emissions  above  the  limit  shown  on  band  1  are  broadband. 
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E.M.C.  Teat  CS.Q1 


Conducted  Susceptibility,  30Hz  to  50KHz.  Power  leads. 

Test  equipment. 

s)  Oscillator  Marconi  TF  2000  «r  TF144/H4 

b)  Power  Amplifier  Solar  6552-1 

c)  Isolation  Transformer  Solar  6220-1A 

d)  400uF  capacitor 

e)  Marconi  V.T.V.M.  TF1941B 

f)  Solar  Phase  Shift  network. 

Test  Schedule. 

The  E.M.C.  test  was  conducted  in  accordance  with  the  requirements  of 
1  MIL-STD-461A  Notice  3  and  MIL-STD-462  Notice  2,  test  CS.01.  Input  power 

supplies  were  connected  to  the  test  items  via  a  IOuF  feedthrough  capacitor 
bonded  to  the  ground  plane.  The  arrangement  for  the  teat  is  shown  in  fig, 
6.  appendix  1.  The  system  was  tested  in  two  modes  of  operation  as  follows 

Condition  1.  STANDBY. 

Condition  2.  FIRE. 

Teat  Results 


When  the  initial  test  results  were  undertaken  it  was  found  that  when  any 
d.c.  lead  of  the  system  was  tested  in  condition  1,  STANDBY  there  were 
malfunctions.  The  malfunctions  were  identified  by  either  or  both  the  Fire 
warning  lights  illuminating.  The  susceptibility  occurred  between  3»5KHz  and 
50KHz. 

After  inveetigat ion,  (both  CS.01  and  CS.02  test  methods),  the  following 
modi fications  were  made  to  the  evatem. 
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1)  The  screen  of  che  detector  leads  was  in  each  case  grounded  at  the 
control  units  and  not  as  originally  at  the  detectors. 

2)  The  common  logic  cards  power  supply  input  filters  in. both  control 
units  were  modified  by  including  two  6.8uF  capacitors  between  the 
28V  d.c.  positive  and  negative  leads  to  ground.  See  figure  1., 
appendix  3* 

5)  The  drive  supply  cards,  (two  in  control  unit  A. and  one  in  control 
unit  B),  were  modified  by  decoupling  the  lOKohm  resistors  R25t  R27, 
R29,  R31,  I&9 i  R51.  853*  and  R55  with  10,000  n.F,  capacitors.  See 
figure  2,  appendix  3* 

Note?  After  the  susceptibility  tests  were  completed  the  emission  tests 
were  repeated  and  where  necessary  the  X-Y  plots  were  re-plotted.  The 
emission  results  given  in  this  report  are  the  final  levels  obtained  after 
the  above  modifications  had  been  engineered  into  the  system. 

With  the  system  nodified  as  detailed  above  there  were  no  malfunctions 
throughout  teat  CS.01  on  any  lead  in  either  of  the  two  -lodea. 
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E.M.C,  Test  CS.02 

Conducted  Susceptibility  50KHz  to  400MHz.  Power  leads. 

Test  equipment. 

a)  Marconi  VTVM  TF  1041B 

b)  Marconi  VTVM  TF  2604 

c)  Solar  6512  10uF  feedthrough  capacitors. 

d)  Marconi  Signal  Qenerator  TF  144H/4 

e)  Marconi  Signal  Generator  TF  801D/1 

f)  IFI  LPA1  Lewelling  pre-amplifier 

g)  Radi all  6dB  oads 

h)  Marconi  50  ohm  load  TM5582 

i)  Lucas  coupling  capacitors  I.OuF,  O.luF,  and  O.OluF 
J)  Lucas  high  pass  filter  (400H*  isolation) 

k)  XFI  Wideband  amplifier 

l)  A.M.L.  C203  power  signal  generator 

m)  A.M.L.  7050H  plug  in  head  200-450MHz 

n)  25uH  choke  (frequency  limit  1MHz) 

o)  Texacan  Filters 

Test  Schedule. 

The  E.M.C.  test  was  conducted  in  accordance  with  the  requirements  of 
MIL-STD-461A  Notice  J  and  MIL-STD-4 62  Notice  7,  test  CS.02.  Input  power 
supplies  were  connected  to  the  test  items  via  a  IOuF  feedthrough  caoacitor 
bonded  to  the  ground  plane.  The  arrangements  for  the  test  ore  shown  in 
fig.  ?  appendix  1.  The  system  was  tested  in  two  modes  as  follows: 
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Condition  1*  Standby. 

Condition  2.  Fire. 

Note  the  susceptibility  signal  was  nodulated  to  Graviner  Test  Plan  3.3.80 
issue  4  requirements. 

Test  Results. 

After  the  modifications  detailed  in  the  CS.01  test  were  incorporated  in  the 
system  there  were  no  malfunctions  throughout  the  CS.O?  test,  on  any  lead  in 
either  mode. 


3  38 


-  24  - 


Report  Ho.  LM  8 r,8?£ 


a)  I.F.I.  LPA  1  Levelling  pre-amplifier 

b)  EFS.1  E-field  sensors  ?  off 

c)  IFI  Light  Modulator/Tranamitter 

d)  Bird  Termaline  co-axial  resistor. 
a)  IFI  Wideband  amplifier 

f)  Fibre  optic  cables 

g)  A.M.L.  C203  power  signal  generator 

h)  A.M.L.  Plug  in  heads  7C5CH,  7051AH,  7051BH  200MHz-1GHz 

i)  EMCO  3103  Con.  Log.  spiral  antenna  100-1000 MHz 

j)  IFI  Broadband  antenna  lOKHz-200MHz 

k)  Marconi  Signal  Generators  TF144/H,  TF801/D 

l)  Stoddart  Con.  Log  spiral  antenna  93490-1 

m)  Stoddart  Con.  Log  spiral  antenna  93491-2 

n)  EMC  25  measuring  set 

o)  Texscan  Filters  MOD  6LE  330AB,  MOD  6LE  494B,  MOD  f>LE  741AB  and  MOD 
6LD  1111AB 


Test  Schedule. 

The  E.M.C.  test  was  conducted  in  accordance  with  the  requirements  of 
MIL-STD-46ia  Notice  3  and  MIL-STD-462,  Notice  2,  teat  RS.03.  Input  power 
supplies  were  connected  to  the  test  ;  -  via  a  lOuF  feedthrough  capacitor 

bonded  to  the  ground  plane.  The  .-■*?’  ots  for  the  test  are  shown  in 

figs.  R,  9  and  10  appendix  1.  The  e>  'as  tested  in  two  modea  as  follows 
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Condition  1.  Standby 

Condition  2.  Fire. 

Note  the  susceptibility  signal  was  modulated  to  Qraviner  Test  Plan  3.3.80 
issue  4  requirements. 

Te6t  results. 

In  condition  1,  Standby  there  were  several  susceptibilities  to  the  general 
E-field  as  follows 


Frequency 

Threshold 

Malfunction 

118MHz 

7  v/m 

Sight  Eng.  Fire  det. 

fAil 

lamp  illuminated 

121.5MHz 

10  v/m 

ft  ft  It  It 

tt 

tt  tt 

124MHz 

10  v/m 

•1  ft  tl  It 

tt 

tt  ft 

193MHz 

8.5  v/m 

Left  Eng.  Fire  det. 

fAil 

lamp  illuminated. 

200MH« 

10  v/m 

tt  ft  It  ft 

tt 

•t  m 

At  no  frequencies  were  there  malfunctions  of  the  system  when  the  speci fied 
E-field  level  was  transmitted. 

There  was  no  susceptibility  to  the  radiated  E- field  when  the  system  was 
tested  in  condition  2  tire. 
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Conclusions 


With  the  system  modified  as  described  in  the  report  text,  see  figs,  i  and 
2  appendix  3,  the  following  teat  results  were  noted. 

E.M.C.  Teat  CE.03 

There  were  no  narrowband  emissions  detected  during  the  teat  in  the  two  modes 
of  operation  therefore  the  system  complies  with  the  CE.03  narrowband 
requirements.  There  were  no  broadband  emissions  above  the  limit  when  the 
system  was  operated  in  condition  1,  STANDBY. 

In  condition  1(a)  where  transient  emissions  were  recorded  when  the  fire  test 
switch  was  depressed  and  reset,  there  were  many  emissions  above  the  broadband 
limits.  The  table  in  the  CE.OJ  results  details  all  the  leads  and  frequencies 
when  the  transient  emissions  were  above  the  limit.  The  major  emissions  above 
the  limit  are  a a  follows 


LEAD 

• 

X-Y 

PAGE  NO. 

FREQUENCY 

dB  ABOVE  LIMIT 

115V  Neutral  Control  A 

2 

7.0MHz 

8.5 

It  ft  ft  t» 

2 

10.0MHz 

9.0 

ft  ft  ft  ft 

2 

15.0MHz 

8.5 

28V  dc  Positive  Control 

A 

3 

20.0MHz 

6.5 

28V  dc  r.'ogative  Control 

A 

4 

20.0MHz 

10.0 

115V  Neutral  Control  B 

6 

7.0MHz 

10.0 

tt  tl  ft  ft 

6 

10.0MHz 

12.0 

ft  »r  ft  tt 

6 

15.0MHz 

12.0 

28V  dc  Positive  Control 

B 

7 

15.0MHz 

8.0 

28V  dc  Positive  C.V.U. 

9 

1.0MHz 

7.0 

ft  tt  tt  tl 

9 

2.0MHz 

9.0 

It  tl  tt  ft 

9 

10.0MHz 

14.0 

Although  the  above  table  details  emissions  which  are  significantly  above 
the  limit,  as  they  ore  of  a  transient  nature  and  the  repetition  rate  low 
they  would  not  in  the  opniion  of  the  Lucas  Aerospsco  E.M.C,  personnel  cause 
a  serious  E.M.C.  hazard. 
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In  condition  2,  Fire,  there  were  no  broadband  emissions  above  the  limit 
on  any  lead. 

E.M.C.  Test  CE.04. 

There  were  no  narrowband  emisaiona  detected  during  the  test  in  the  two 
modes  of  operation  therefore  the  system  complies  with  the  CE.04  narrowband 
requirements. 

There  were  broadband  emissions  above  the  limit  when  the  system  was  tested 
in  condition  1,  Standby  as  follows.  Bunch  1,  all  leads,  detectors,  control 
units, and  crew  warning  unit f excluding  the  power  supplies,  had  emissions 
above  the  limit  between  450KH*  and  9.5MHz.  The  maximum  emission  occurred 
at  between  P.3  nnd  2. 4MHz  and  was  25dB  above  the  limit. 

Bunch  P,  single  detector  long  cable  bunch,  had  broadband  emissions  above 
the  limit  between  *»50KHz  and  11.75MHz*  The  maximum  emission  above  the  limit 
is  22  dB  between  2.3  and  2.4MHz. 

Bunch  3*  dual  detector  long  cable  bunch,  had  broadband  emissions  above  the 
limit  between  6r>OKHz  and  800MHz  and  1 .PMHz  and  4MHz.  The  maximum  emission 
above  the  limit  was  P5d3  between  P.3  and  2.bMHz. 

There  were  also  broadband  emissions  above  the  limit  when  the  system  was 
operated  in  condition  ?,  Fire,  as  follows. 

Bunch  1,  all  leads,  detectors,  control  units,  and  crew  warning  unit# 
excluding  power  supplies  had  emissions  above  the  limit  between  ^50KHz  and 
10MHz.  The  maximum  emission  above  the  limit  is  P7dB  between  PMHz  and  P.P MHz. 

Hunch  P,  single  detector  long  cable  bunch,  had  emissions  above  the  limit 
between  ^floKHz  and  6lOKHz,  and  85OKHZ  and  13MHz.  The  maximum  emieeion  above 
the  limit  is  PO. 5dB  between  P.05MHr.  and  P.3MHz. 

Bunch  3*  dual  detector  long  cable  bunch,  had  emisaiona  above  the  limit  between 
580KHz  and  670KHz,  1MHz  and  5MHz,  and  6.6MHz  and  7.8MHz.  The  maximum  emission 
occurs  at  2.1  MHz  and  is  2fi.5dB  above  the  limit. 
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All  the  above  out  of  specification  broadband  emissions  could  be  a  source 
of  E.M.C.  hazard  if  the  aircraft  cable  layout  enabled  close  coupling  to 
occur  between  the  Fire  detect  system  wiring  and  leads  to  other  systems. 
However  from  the  RE. O?  test  results  detailed  in  this  report  it  would  appear 
that  the  out  of  limit  emissions  nrecentained  within  the  system  wiring  as 
there  were  no  radiated  emissions  recorded  above  the  limits  at  the  above 

frequencies. 

E.M.C.  Teat  CE.01. 

There  were  no  narrowband  emissions  outside  the  limits  recorded  from  any 
of  the  leads  under  test  in  either  of  the  two  modes  of  system  operation. 

E.M.C.  Test  CE.02. 

There  were  no  narrowband  emissions  outside  the  limits  recorded  from  any  of 
the  bunches  under  test  in  either  of  the  two  modes  of  system  operation. 

E.M.C.  Test  RE. 02. 

There  were  no  narrowband  emissions  detected  during  the  test  in  the  two  modes 
of  operation  therefore  the  system  complies  with  the  RE. 02  narrowband 
requirements . 

In  condition  1,  Standby,  there  were  broadband  emissions  marginally  outside 
the  specification  limits  between  14KHz  and  “'fiKHz.  The  maximum  emission 

being  only  O.SdB  above  the  limit.  V'hen  the  system  is  operated  in  condition 
1(a  > transient  emissions  above  the  limit  were  recorded  when  the  fire  test 

switch  was  depressed  and  reset.  The  table  in  the  RE. 02  results  details  all 
out  of  limit  transient  emissions.  The  major  emissions  recorded  above  the 
limit  are  as  follows. 


Mi 
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X-Y  PAGE  NO. 

FREQUENCY 

do  a ic vi :  lihit 

49 

20KHz 

is. 5 

49 

30KHz 

n 

49 

45KHt 

14.5 

49 

65KHz 

15 

49 

80KHz 

12 

49 

IOOKHz 

9.5 

49 

200 KHz 

8.5 

49 

3MHz 

6 

49 

4MHz 

n 

Although  the  above  table  details  emissions  which  are  significantly  above 
the  limit,  as  they  sure  of  transient  nature  and  the  repetition  rate  low, 
they  would  not  in  the  opinion  of  the  Luca a  Aerospace  E.M.C.  personnel  cause 
a  serious  E.M.C.  hazard. 

In  condition  2,  Fire,  there  were  broadband  emissions  above  the  limit  between 
l4KHz  and  l8KHz,  between  5. '’5MHz  and  6.6 MHz.  The  maximum  emission  occurred 
are  6.4MHz  where  the  level  was  6dB  above  the  limit.  It  is  considered  by 
the  Lucas  Aerospace  E.M.C.  personnel  that  these  radiated  emissions  would 
not  cause  an  E.M.C.  hazard  in  the  aircraft  installation. 

E.M.C.  Test  CS. 01. 

The  test  was  performed  with  the  circuit  and  cable  modifications  as  described 
earlier.  There  were  no  susceptibilities  throughout  the  test  on  any  lead 
in  either  of  the  two  conditions  of  system  operation. 

E.M.C.  Teat  CS.02. 

The  test  was  performed  with  the  circuit  and  cable  modifications  as  deacribeo 
earlier  there  were  no  suscentibilities  throughout  the  test  on  any  lead  in 
either  condition  of  system  operation. 


7  <1  4 


30 


Report  No.  LM  8o8?6 

E.M.C.  Teat  RS.03. 

In  condition  1 ,  Standby,  there  were  several  frequencies  as  detailed  in  the 
report  where  the  s.vstem  malfunctioned,  i.e.  Eng.  Fire  detect  lampe  illuminated. 
At  no  frequency  were  there  malfunctions  of  the  system  when  the  specified 
E-field  level  was  transmitted. 

The  results  contained  in  this  report  only  apply  to  equipment  manufactured 
to  the  same  standards  as  that  submitted  for  testing  any  deviation  from  these 
standards  could  invalidate  these  results. 
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Certificate  of  Calibration 


Date  of  Issue  . ..>th  February.,  J980. 


Serial  no . Q"$  19 5 . 
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This  certificate  >c  issued  in  accordance  with  the  conditions  of  the  approval  granted  by  the  British  Calibration 
Service.  It  is  a  corroet  record  of  the  measurements  made  Copyright  of  this  certificate  is  owned  jointly  by 
the  Crown  and  by  the  issuing  laboratory.  The  certificate  may  not  be  reproduced  other  then  in  full,  except 
with  the  prior  written  approval  of  the  Director,  B.C.S ,  and  of  the  issuing  laboratory. 


T ested  for 


A.D.  Skinner. 
Head  of  Laboratory. 


Luca  a  Aerospace  Ltd.  , 
Maylands  Avenue, 
Hemel  Hempstead, 
Herts. 


Order  No.  : 


Apparatus  tested 


Reference  No.  :  554315,  554317,  554318. 

Order  No.  :  O/J/ 3144 

Apparatus  tested  :  interference  Analyser. 

Model  EMC-10.  Serial  No.  10471-E. 
with  Current  Probe  PCA-10. 

Serial  No.  471. 

Fairchild  Electro-Metrics  Corp. 

The  ambient  temperature  was  20  °C  si  °C  and  the  relative  humidity  was 


50%  *10%  RH. 


Unless  otherwise  stated,  the  basis  for  estimating  the  limits  of  uncertainty 
quoted  for  the  measurements  shown,  is  the  arithmetic  summation  of  the  relevant 
contributions. 

The  instrument  was  switched  on  for  several  hours  before  the  tests  were 
made  to  ensure  that  a  stable  operating  temperature  was  reached.  The  tests 
were  earned  out  in  accordance  with  the  procedures  described  in  the  instrument 
handbook  supplied,  the  relevant  paragraphs  being  quoted  in  each  case. 
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Frequency  calibration 

The  frequency  calibration  was  tested  as  in  para.  3.  2  5.3(a)  and  the 
result*  are  shown  in  Tabic  1. 


Table  1 


Digital  frequency 
indicator 


Measured  frequency 


50  Hz 
100  Hz 
500  Hz 

1  kHz 

2  kHz 
5  kHz 

10  kHz 
20  kHz 
50  kHz 

The  estimated  limits  of  uncer 
*  1  Hz. 


48.  3  Hz 
95.  3  Hz 

494  Hz 

1.  006  kHz 

2.  012  kHz 
4.99S  kHz 

10.  000  kHz 
19. 974  kHz 

49.  864  kHz 

inty  of  the  measurement  did  riot  exceed 


amplitude  calibration  test 

The  amplitude  calibration  test  was  carried  out  as  in  para.  3.  15.  3(b) 


and  the  meter  indication  did  not  chaog 

Beiore  the  next  test  the  control 

GAIN 
WB  range 
Selective  range 
Bandwidth 


by  more  than  ±0.  5  dB. 

ettings  were  changed  to  the  lollowmg  : 

Amplitude  calibration 
1  V 
1  V 
50  Hz 


A  20  kHz  test  signal  was  applied  to  the  receiver  and  the  signal  level  was  adjusted 
umu  the  meter  indicated  1  V'.  The  voltage  at  the  input  was  then  measured  and 
was  1. 00  volts  ±0.  1%. 


Attenuator  tests 

The  attenuator  was  tested  as  in  para.  3.  15.  3(c)  except  that  the  impedance 
control  was  set  to  50  n.  The  results  are  shown  in  Table  2. 
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Table  2 


Instrument 

Nominal 

Attenuation  measured 

Estimated  limits 

reading 

attenuation 

dB 

Wide  band 

dB 

50  Hz  bandwidth 
dB 

of  uncertainty 
±d!3 

10  V 

ref. 

ref. 

ref. 

- 

I  V 

20.  0 

20.  0 

20.  0 

0.  I 

100  mV 

O 

o 

40.  0 

40.  0 

0.  1 

10  mV 

60.  0 

60.  0 

60.  0 

0.  2 

1  mV 

80.  0 

80.  0 

80.  0 

0. 2  ' 

100  pV 

100.  0 

100.  0 

- 

0.  5 

Meter  scale  shape 

The  meter  scale  shape  was  tested  using  the  procedure  shown  in  para. 
3.  1  5.  3(j).  The  results  are  shown  in  Table  3. 

Table  3 

Meter  scale  shape 

Scale  mark  Measured  attenuation 


dB 

dB 

0 

ref. 

3 

3.  0 

6 

6.  0 

10 

9.  8 

15 

15.  2 

20 

19.  6 

25 

24.  6 

30 

29.8 

35 

35.  6 

40 

39.9 

The  estimated  limits  of  uncertainty  for  the  scale  shape  measurements  do  not 
exceed  ±0.  1  dB. 


Bandwidth,  tests 


The  3  dB  bandwidth  of  the  analyser  was  measured  on  each  bandwidth 
setting  where  the  3  dB  changes  were  established  against  the  laboratory  standard 
attenuator.  The  analyser  was  tuned  to  20  kHz.  The  results  are  shown  in 
Tabic  4. 


Table  4 


Nominal 

Measured 

andwidth 

bandwidth 

5  Hz 

4.  5  Hz  *0.  1 

Hz 

50  Hz 

53.  6  Hz  *0.  1 

Hz 

250  Hz 

235.  0  Hz  *0.  1 

Hz 
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The  tests  listed  below  were  made  in  accordance  with  the  procedure  in 
the  manufacturer's  handbook  and  were  within  the  required  specification  limits. 


Tangential  sensitivity 
Detector  functions 
SUdeback  operation 
Auto  scan 


para.  3.  1  5.  3(h) 
para.  3.15.  3(j) 
para.  3.3.6 
para.  3.15.  3(m) 


Current  probe 


The  current  probe  was  connected  to  the  instrument  using  a  62.  5  cm  length 
of  coaxial  cable.  A  test  current  was  passed  through  a  wire  around  which  the 
current  probe  was  clamped.  The  test  current  was  adjusted  to  give  a  meter 
reading  of  l  mV  (equivalent  to  1  mA).  The  resulc  is  shown  in  Table  5. 

Control  settings 


Gain 

Selective  range 
Impedance 
F  liter 
Bandwidth 
aF 

F  requency 
Detector  function 


As  required  for  amplitude  calibration 
1  mV 
10  kil 
500  kHz 
50  Hz 
0 

as  necessary 
CARRIER 


Table  5  ■ 

Test  frequency  Indicated  current  Measured  current 
I  kHz  1  mA  1 .  00  mA  ±  0.  01  mA 


The  frequency  response  of  the  current  probe  was  determined  over  the 
range  50  Hz  to  50  kHz  and  the  results  are  shown  in  Table  o. 


Table  6 

Frequency  Response  relative  to*l 


50  Hz 

-1.  5  dB 

100  Hz 

-0.  8  dli 

200  Hz 

-0.  1  dB 

1  kHz 

0  dli 

* 

2  kHz 

-0.  1  dB 

* 

5  kHz 

-0.  25  dB 

* 

10  kHz 

-0.  75  dB 

* 

2  0  UHz 

-l .  1  dB 

* 

50  kHz 

-1.8  dB 

kHz  The  estimated  limits  of 

uncertainty  do  not  exceed  ±dB 

0.  2 
0.  1 
0.  1 
0.  1 
0.  1 
0.  1 
0.  2 
0.  2 
0.  2 


’’■These  measurements  are  not  within  the  scope  of  the  Laboratory’s 
prevailing  approval  but  are  reported  herein  for  completeness. 

4^6 


<=-r  /. 


Measurements  made  by 


£  iaor 


Erne  3  5  fOEflsucirvs  Set 


TABLE  1.1.  SENSITIVITY  AND  BANDWIDTH 


BAND 

' 

FREQUENCY  RANGE 

BANOW1UTHS  (3dbl 
(Nominal ) 

• 

SENSITIVITY 

.1  NB 

NB 

WB 

.1NB 

NB 

IMPULSE 

WB 

db/uV/MHt 

1 

10.0  kHz  —  35.0  kHz 

50  Hz 

500  Hz 

4  kHz 

.016 

.04 

♦34  { 

2 

35.0  kHz  -.75.0  kHz 

50  Hz 

500  Hz 

4  kHz 

.016 

.04 

♦33  1 

3 

70.0  kHz  -  150  kHz 

50  H2 

500  Hz 

4  kHz 

.016 

.05 

+33  i 

4 

120  kHz  -  240  kHz 

50  Hz 

500  Hz 

4  kHz 

.016 

.05 

+33 

5 

240  kHz  -  500  kHz 

50  Hz 

500  Hz 

4  kHz 

.016 

.06 

♦33 

6 

0.5  MHz  -  1.1  MHz 

50  Hz 

500  Hz 

5  kHz 

.016 

.06 

♦32 

7 

1.1  MHz -2.4  MHz 

50  Hz 

500  Hz 

5  kHz 

.016 

06 

♦32 

6 

2.4  MHz  -  5.5  MHz 

500  Hz 

5  kHz 

50  kHz 

.03 

.10 

♦22 

•  9 

5.5  MHz  -  12.5  MHz 

500  Hz 

5  kHz 

50  kHz 

.03 

.10 

♦22 

10 

12.5  MHz  -  30  MHz 

500  Hz 

5  kHz 

50  kHz 

.03 

.10 

+24 

11 

20  MHz  -  45  MHz 

5  kHz 

50  kHz 

500  kHz 

.22 

0.6 

♦20 

12 

45  MHz  -  100  MHz 

5  kHz 

50  kHz 

500  kHz 

.22 

0.8 

♦20 

13 

100  MHz  -  200  MHz 

5  kHz 

50  kHz 

500  kHz 

.22 

0.8 

♦20 

14 

200  MHz  -  500  MHz 

5  kHz 

50  kHz 

500  kHz 

.35 

1.0 

♦23 

15 

500  MHz  -  1000  MHz 

5  kHz 

50  kHz 

500  kHz 

.50 

1.6 

+30 

*  NOTC:  Tangential  Sensitivity  —  defined  as  the  internal  noise  level  or  as  the  input  signal  level 
required  to  raise  the  meter  reading  3  dB  above  the  instrument  noise.  Tangential  Set*.  :tivity  level  is  at 
least  8  dB  above  minimum  discernible  signal  (MQS).  MDS  is  sometimes  defineu  as  being  0.5  dB 
above  the  noise  level. 
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This  certificate  is  issued  in  accordance  with  the  conditions  of  the  spprovsl  granted  by  the  British  Calibration 
Service.  It  is  a  correct  record  of  the  measurements  made.  Copyright  of  this  certificate  is  owned  jointly  by 
the  Crown  and  by  the  issuing  laboratory.  The  certificate  may  not  be  reproduced  other  than  in  full,  except 
with  the  prior  written  approval  of  the  Director,  B.C.S.,  and  of  the  issuing  laboratory. 


A.  D.  Skinner. 
Head  of  Laboratory. 


Tested  for  ; 


Order  No.  : 
Reference  No.  : 


Electro  Metrics  Ltd.  , 
84  Tile  House  Street, 
Hitchin, 

Herts. 

O/J/3144. 

554313. 


Apparatus  tested  :  Interference  Analyser. 

Model  EMC  -25  mk  3  Serial  No.  366 
F airchild  Electrometric  Corp. 


,Tbe  ambient  temperature  was  20 °C  ±1  °C  and  the  relative  humidity  was 
50%  ±10%  RH.  1 


The  basis  for  estimating  the  limits  of  uncertainty  quoted  for  the  measure¬ 
ments  shown,  is  the  arithmetic  summation  of  the  relevant  contributions. 

The  instrument  was  tested  at  the  50  ohm  coaxial  input  using  a  source  of 

signals  of  50  ohms  impedance  and  having  a  waveform  which  approximated  closely 
to  a  sine  curve. 


A 


The  instrument  was  tested  at  each  of  the  frequencies  shown  in  Table  1  in 
accordance  with  the  following  paragraphs.  The  function  switch  was  set  to  -CARR1. 

Test  1. 


With  the  tuning  dial  and  range  switch  set  to  each  frequency  in  turn,  the 
input  signal  frequency  was  adjusted  to  produce  a  maximum  reading  on  the 
meter  and  the  measured  frequency  recorded  in  Table  1,  Col  2 
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Test  2. 

The  6  dB  bandwidth  was  measured  by  noting  the  total  frequency  change 
above  and  below  the  frequency  recorded  in  Test  1,  which  resulted  in  a 
fall  in  a  meter  indication  of  6  dB  as  established  against  the  laboratory 
standard  attenuator.  The  b  dB  bandwidth  was  measured  on  both  the 
narrow  and  broad  bandwidth  settings.  The  results  are  recorded  in 
Table  1,  Cols.  4  and  5. 


Test  3. 

The  'calibration  setting'  was  determined  by  applying  an  input  voltage  of 
100  pV  for  ranges  1  to  10  and  1  mV  for  ranges  11  to  15  with  the  input 
attenuator  set  to  40  dB  (BLACK)  for  ranges  1  to  1  0  and  to  60  dB  (RED) 
for  ranges  11  to  15.  The  instrument  gain  control  was  then  adjusted  to 
give  an  indication  on  the  meter  of  0  dB.  With  the  detector  function  switch 
set  to  'PEAK'  and  the  bandwidth  control  switched  to  'wide'  the  'shunt  cal' 
button  was  pressed  and  the  resulting  reading  on  the  meter  noted  and 
recorded  as  the  calibration  setting  (dBpV)  in  Table  1,  Col.  3. 


Test  4. 

The  broadband  correction  factor  in  dBpV/MHz  was  determined  on  each 
range  using  an  impulse  generator  type  C1C  25  SN  120.  The  results  of 
this  test  are  shown  in  Table  1.  Col.  7.  The  impulse  generator  was 
calibrated  ?r  the  70  dBpV/MHz  and  90  dBpV/MHz  settings  before  use. 
The  calibration  showed  that  the  output  was  within  ±0.  5  dBpV/MHz  of 
the  setting  over  the  required  trequency  range.  The  repetition  rate  was 
set  to  100  Hz. 

Test  5. 

For  this  test  the  receiver  was  first  calibrated  for  direct  reading  signal 
levels  in  dBpV  (see  para.  3.  3.  1  CW  CALIBRATION  in  the  instrument 
handbook). 

With  the  attenuator  control  set  to  the  fully  counter-clockwise  position 
the  input  signal  giving  unity  signal/ noise  ratio  was  measured  by  noting 
the  input  voltage  which  caused  the  meter  noise  reading  to  increase  by 
3  dB.  The  results  of  this  test  are  shown  in  Table  II. 

Test  6. 

The  6  x  20  dB  steps  of  the  input  attenuator  were  compared  with  the 
laboratory  standard  attenuator  at  30  MHz.  The  results  are  shown  in 
Table  III.  For  convenience  the  Black  scale  was  used  for  these  tests. 

Test  7. 

The  scale  shape  of  the  meter  was  tested  at  30  MHz  and  the  result  is 
shown  in  Table  IV.  .  or. 
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Table  1 

Frequency 

Measured 

Calibration 

6  dB  Bandwidth 

Broad  band 

frequency 

setting 

Narrow 

Wide 

correction 

factor 

Band 

kHz 

kHz 

dB 

Hz 

kHz 

dBnV/MHz 

1 

10 

10.  0 

+1.  0 

14 

14.  5 

+1.0 

18 

18.  3 

+  1.  0 

22 

22.  3 

0 

880 

5.80 

43 

26 

25.9 

-0.  5 

30 

30.  0 

-1.  0 

34 

34.  0 

-1.  0 

Z 

35 

35.  0 

-1.  0 

40 

40.8 

-1.  0 

45 

45.  7 

-1.  0 

50 

50.3 

-1.  0 

55 

55.  1 

-1.  0 

890 

5.62 

43 

60 

59.7 

-1.0 

65 

64.9 

-1.  5 

70  • 

70.  0 

-1.  5 

75 

75.2 

-2.0 

3 

70 

68.2 

-2.  5 

80 

79.9 

-2.  0 

90 

90.5 

-2.  0 

100 

99.2 

-1.0 

110 

109.7 

-1.  0 

870 

7.  31 

43 

120 

118.3 

-1.  0 

130 

128.  3 

0 

140 

139.  1 

+0.  5 

150 

149.9 

+0.  5 

4 

120 

119.2 

+0.  5 

140 

141.8 

+0.  5 

160 

161.  1 

+0.  5 

180 

181. 6 

+0.  5 

800 

200 

199.  1 

+0.  5 

7.  51 

43 

220 

219.  5 

0 

240 

238.  8 

0 

260 

258.  6 

0 

5 

250 

249.4 

-2.  0 

300 

305.4 

-2.  0 

350 

354.  2 

-2.  0 

850 

5.  76 

400 

400.  7 

-2.  0 

43 

450 

450.  1 

o 

• 

N 

1 

500 

498.8 

-2.  1 

4  30 
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Table  I  continued 


Band 

6 


C. 


C 


10 


11 


squer.cy 

Measured 

Calibration 

6  dB  Bandwidth 

Broad  band 

frequency 

setting 

Narrow 

Wide 

turrecaon 

MHz 

MHz 

dB 

Hz 

kHz 

factor 

dBpV/MHz 

0.  5 

0.49 

-2.  5 

0.  6 

0.  61 

-2.  0 

0.  7 

0.  71 

-2.  0 

0.8 

0.81 

-2.  0 

790 

6.  31 

43 

0.9 

0.90 

-2.0 

1.  0 

1.  00 

-2.  0 

1.  1 

1.  10 

-2.  0 

1.2 

1.  19 

-2.  0 

1.4 

1.42 

-2.  0 

1.6 

1.61 

-1.  75 

1.8 

1.  79 

-1.75 

900 

6.  10 

44 

2.  0 

1.99 

-2.  0 

2.  2 

2.  19 

-2.  0 

2.4 

2.40 

-2.  0 

kHz 

2.  5 

2.49 

-2.  0 

3.  0 

3.  01 

-2.  0 

3.  5 

3.49 

-2.  0 

4.0 

3.99 

-1.  5 

10.  09 

65.  6 

23 

4.  5 

4.  43 

-2.0 

5.0 

4.96 

-1.75 

5.5 

4.94 

-1.  75 

6.  0 

6.  01 

-1.0 

7.  0 

7.  04 

-1.0 

8.  0 

7.99 

-0.  5 

9.  0 

9.  01 

0 

9.98 

66.  0 

24 

10.  0 

9.  98 

0 

11.0 

10.  96 

-1.0 

12.  0 

12.  00 

-1.  0 

14 

13.99 

-1.0 

16 

16.  02 

0 

18 

17.  85 

0 

20 

19.  77 

0 

22 

21.  49 

0 

10.  02 

69.4 

25 

24 

23.  66 

0 

26 

25.  72 

0 

28 

27.  77 

-0.  5 

30 

29.86 

0 

20 

19.  72 

-2.  0 

25 

25.  40 

-1.  0 

30 

30.  18 

-1.0 

121.  1 

707.  7 

-1 

35 

35.  01 

0 

40 

39.  75 

-1.0*3 

1 

45 

4  5.  04 

-1.0 
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Table 

F  requency 

Measured  C 
frequency 

Band 

MHz 

MHz 

12 

50 

50.41 

60 

60.  59 

70 

70.  34 

SO 

79.93 

90 

89.  57 

100 

100. 00 

13 

100 

99.8 

120 

120.9 

140 

141.  3 

160 

160.  7 

180 

179.4 

200 

199.4 

14 

200 

200.  5 

250 

255.  7 

300 

303.  5 

350 

352.  1 

400 

399.  3 

450 

448.  1 

500 

500.  3 

15 

500 

504.4 

600 

612.4 

700 

708.  1 

800 

805.  5 

900 

899.  1 

1000 

997.  7 

continued 


Libration 

6  d&  Hand  width 

Broad  band 

setting 

Narrow 

Wide 

correction 

factor 

<JB 

kHz 

kHz 

dBjxV/MHz 

0 

+  1.0 
+1.  5 
+2.  0 
+  1.0 
+  1.0 

106.  6 

740.  2 

+1 

+2.  0 
+2.  5 
+2.  0 
+2.  0 

109.  0 

t 

673.  2 

+2 

0 

-1.0 

-1.0 
-1.0 
-2.  0 
-3.  0 
-2.0 
-2.  0 
-2.  0 

114.6 

624.6 

+2 

+  +  +  +  + 

*— *  O 

O  O  wn  0  O 

132.  1 

753.  7 

+  1 

continued 


432 


c 


MEASUREMENT  STANDARDS  LABORATORY 
Marconi  Instruments  Limited  St.  Albans 
8.C.S.  approve!  no.  0006 


Certificate  of  Calibration  no. 

Page  &  of  ^ 


Ranges 


Table  II 

Input  voltages  for  unity  signal/ noise  ratio 


1  -  5 

Less  than  *27  dii^iV 

6k  7 

Less  than  -27  dB^iV 

8&  9 

Less  than  -20  dB^V 

10 

Less  than  -11  dB^V 

11 

Less  than  -5  dB^V 

12 

Less  than  -4  dB^V 

13 

Less  than  +1  dB(iV 

14 

Less  than  0  dB^V 

15 

Less  than  +6  dB^V 

Table  Ill 

Switch  setting  Attenuation  relative  to  40  d3 

(Black  scale) 

Frequency  30  MHz 

(dB) 

(dB) 

0 

-38.  2 

20 

1 

CM 

o 

• 

o 

40 

ref. 

60 

+20.  0 

80 

+40.  0 

100 

+60.2 

Table  IV 

Attenuator 

setting  Meter  reading 

(dB) 

(dB) 

+20 

+20.  2 

+  18 

+  18.  2 

+  16 

+  17 

+  14 

+  15 

+  12 

+  12.  2 

+  10 

+9.  8 

+8 

+7.  5 

+6 

+  5 

+4 

+3.  5 

+2 

+2 

0 

ref. 

-2 

-2.  4 

-4 

-5 

-6 

-7.  2 

-8 

-9 

-10 

-10 

-12 

-11 

-14 

-13 

-16 

-16 

-18 

-18 

-20 

433  -20 

-30 

-30.  5 

-40 

-39.  5 

04171. 
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The  estimated  limits  o£  uncertainty  of  the  measurements  did  not  exceed 
the  following  : 

for  frequency  :  ±1.  0%. 

for  bandwidth  :  narrow  wide 

ranges  1  to  7  *30  Ha  ±100  Hz 

ranges  8  to  10  ±100  Hz  ±1  kHz 

ranges  11  to  15  ±1  kHz  ±10  kHz 

for  calibration  settings  :  ±0.  5  dB. 

for  attenuation  and  meter  scale  law  :  ±0.  5  dB. 


END 
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CALIBRATION  REPORT  No. 


CUSTOiVICH  &  ADDRESS 


Lucas  Acrospuce, 


Kernel.  Hempstead. 


INSTRUMENT  60dg  step  AttenuatQr 

type  No.  90389_3 

SER  No. 

MANUFACTURER 

Singer 

CAE.  DATE 

4.3.80 

- ■ - - 

recommended 
recalibration  date 

4.9.80 

CALIBRATION 


Setting  (dB) 


Actual  Attenuation  (dB) 


1MHz  100MHz 


10 

11.1 

1.1  11.6  11.2 

20 

20.0 

!0.0  20.3  20.0 

30 

30.2 

50.2  30.1  30.2 

■1 

80. 8 

J1.0  61.2  60.8 

L 

Cal  Lab  has  0524  (0526)  approva 

l  cert  no.  71990/  1/01 

_ All  measurements  are  traceable 

to  national  standard  via  B.C.S, 
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REL  Industrial  Siimited 


CALIBRATION  REPORT  No. 


CUSTOMERS  ADDRESS 


Lucas  Aerospace, 


Hemel  Hempstead, 


Hadio  Interference 
instrument  Analyser  deceiver 

Type  Mo  nm  g5T 

SEfl.  No.  U5 

MANUFACTURER 

linger 

CAL.  OATE 

5.3.80 

recommenced 

RECALIBRATiON  OATE 

5.9.80 

CALIBRATION 


.Meter  .Scale  shape  (Tracking  Accuracy) 


Field  Intensity 


.3 


Direct  Peak 


2.5 


Slidebacl;  Peak 


30 

30.5 

30.1 

30.1 

40  ref 

40.0 

39.9 

39.9 

Attenuator  Aecurac 


Meter  Heads 


Output  Sockets 


X  0/P  Single  Hand  l.OV  to  lO.KiV 


X  0/P  Multiple  Band 

0.07V  to  3.29V 

Band  * 

■'.88V  to  6.5V 

-li-.I _ 

J8v9 _ 


Band  3  0.81V  to  9.92V 


Y_i 0Z£  'lUflfly _ 

Video  Linear  0.4V  pk-pk 


S tretohed  l,i _ngar _ L8 'i V  nk 

Pulse  Width  0.5  m  'sec 


Swcer » 


calihhatfo  «y 


Dinunwt  r  uv 


CALIBRATION  DETAILS  CONTINUATION  SHEET 


CALIBRATION  REPORT  No. 


Hit  serve 


'  /14 . 0 

10.0 

, 

37.0 

13.8 

CALIBRATION  REPORT  No. 


A  6  7 


S*e€T  45 


SST1  iMnn^TRiAi  itfi 


REMARKS 


I  F  gain  control  mtermittant  in  'Automatic'  position. 


Jal  Lab  has  0524  (0526)  approvul  cert  no.  71990/1/01 


arc  traceable  to  national  standard  via 


CALIBRATION  REPORT  No. 


utiniinTniK  uj 


;lu 


« -  i  'i.-  ‘ii*  •  :  Ul*  l.ii*  i  %•  . . .  .  I  !  :  ‘  i.: .  . } 

Ten-it  b2-!3i  Cables  hoLM- Ii.i":.ii5 


BSL  Industrial  Limited 


CALIBRATION  REPORT  No. 


CUSTOMER  S>  ADORE  S3 


Lucas  Aerospace, 


Hcmcl  Hempstead. 


iNSTHuMENT  _  ,  . 

6  Transmission  Lead 

rvP6  No. 

92194 

SEP  No 

■  i 

MANUFACTUR6R 

singer 

CAL  OATE 

5.3.80 

.(£  JOVMENOEO 
sECALIBnATlON  DATE 

5.9.80 

CALIBRATION 


Frequency 

I.o 

s  dB 

GHz 

1 

_ 

0.6 

2 

1.0  _ 

Cal  Lab  has  0521  (0526)  approval  cort  no.  71990/1/01 


All  measurements  are  traceable  to  national  standard  vis 
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instrument 


I  m  Tv.tf.x  b24ji  I  I'lv  .*i:r» 

=3(LJ=±3  I 

*  RSL  Industrial  Limited 

CALIBRATION  REPORT  No. 


CUSTOMER  &  ADDRESS 


Current  Probe 


91107-1  SEfl  No  BC  72 


manuf AcTunen 


CAL.  DATE 


recommended 
RECAU8HATION  DATE 


Lucas  Aerospace, 


Heme  1  Hemps  tea J. 


12.2. SO 


CALIBRATION 


Frequency 

ZT 

dB  Above  or 

Ohms 

lie  low  1  ohm 

30  Hz 

0.006 

.  44.44 

100  Hz 

0.03 

-  30  49 

200  112 

0.06 

-  24.44 

500  Hz 

0.  14 

-  17.08 

l  KHZ 

-  12.40 

2  KHz 

0.32 

-  9.90 

100  KHz 


200  KHz 


500  KHz 

0.38 

_ - _ 8  .  j1_0 _ _ 

1  MHz 

0.36 

-  8.87 

2  MHz 

0.35 

-  0.12 

5  MHz 

_  0.30 _ 

-  10.46 

8  MHz 

0.14 

-  14.42 

is. 


To!ox  fi2»3l  C  .b.r’i  t\  i!' ll.t-fc.n 


REHa  Industrial  Qiimitad 

CALIBRATION  REPORT  No. 


IN;,.  HUMfcNT 

Current  Probe. 

CUSTOMER  &  ADDRESS 

TYP£N0  9 1  5 :)  0—  1 

SEft  NO. 

Lucas  Aerospace, 

MANUf ACTUR6R 

Stoddurt 

llcmcl  Hempstead. 

cau  date 

mam 

RCCOMMENUgO 
HECALiaRATlON  OATS 

12.3.30 

CALIBRATION 


EL 


y.:  ;  :  .It  H.:  ...:.  i : ‘V  : 

Tc-i>.-piiO.'<e  Hitwi.in  (0 iu<2)  iTlcI  (lOlmci) 
Telex  82-^31  Cables  Hobieci  Hitcfiin 


•  IbU.  tnyund 


SSI  naducJria!! 

\l  REPORT  No.  19?3 


CALIBRATION  REPORT  No. 


CUSTOMER  &  ADDRESS 


Lueaa  Aerospace, 


Heaal  Hempstead. 


INSTRUMENT 

EFS/LMT/LDI 

TYPE  No. 

SEA  No.  056/01 1 

MANUFACTURER 

m 

CAL.  DATE 

20.12.79 

RECOMMENDED 
RECALIBRATION  OATE 

1 _ 

20.6.80 

CALIBRATION 


3  Volt  Range 


Volts/Metre 


3  Volt  Bangs 


Volta/Metrs 


3  Volt  Bangs 


Cal  lab  baa  0524  (0526)  approval  cert  no.  71990/1/01 


All  aeaauresents  are  traceable  to  national  standard  via  B.C.S. 
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Tortjpi.wr.o  liii-Mii  iw i  jj)  i.  lit  ( :w 

Telex  82431  Cables  hoblect  Miichm 


SL 


SS!L  Haidiusliasl!  Lasniiited 


CALIBRATION  REPORT  No.  w 


CUSTOMER  &  ADDRESS 


Loess  Aerospace, 


ReLiel  Hempstead 


INSTRUMENT 

EFS/UTt 

TYPE  No. 

S6R.No. 

055 

MANUFACTURER 

IFI 

CAL.  date 

20.12.79 

recommenced 

RECALieRATION  date 

20.6.80 

CALIBRATION 


Iaput 


Volts/Ranore 


Volt  Range 


EPS  Meter  Readin 


Volts/Hetre 


Volt 


1.05 


1.5 


2 


10  Volt  Range 


10  Volt  Range 


Cal  Lab  has  052*»  (0526)  approval  cert  bo.  71990/1/01 _ 

All  oaaaureaants  aro  traceable  to  national  standard  via  B.C.S. 
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marcoraa 

instruments 


Del  Sun  05-24/2  Registration  Mo  1.UM0I 


MARCONI  INSTRUMENTS  LIMITED 
SERVICE  DIVISION 
Electrical  and  Electronic  Calibration  Laboratories 
The  Airport.  Luton.  Beds  LU2  9NS 

Telephone  Luton  33866  Telex:  826248 


Certificate  of  Test 


This  certificate  is  issued  in  accordance  with  Our  Ordei  Acknowledgment.  and  the  general  terms  and  conditions 
of  business  of  Marconi  Instruments  Limited  The  M  I  90  day  Warranty,  details  of  which  are  given  overleaf,  applies 
only  to  The  repairs  carried  out 


The  equipment  described  below  has  been  calibrated  and  found  lo  comply  with  the  manufacturer's  published 
performance  specification  at  the  measured  points,  due  allowance  having  been  made  for  the  uncertainty  of  the 
measurements. 


Job  No.  6304  90/3 

Description  signal  Generator  TF.  144K/-4 

Serial  No  536  98-12 

c/w.  13  Aap  Plug  «  Lead 

The  calibration  was  carried  out  using  worxmg  standards  which  are  subject  to  regular  periodic  verification,  and  the 
measurements  are  traceable  to  National  Standards,  except  where  none  exist 


The  calibration  was  earned  out  m  accordance  with  the  general  requirements  ol  Oef  Stan  05-20/2.  using  working 
standards  which  are  subject. to  regular  periodic  verification,  and  the  measurements  ore 
traceable  to  National  Siandords.  except  where  none  exist 

Remarks  Periodicity  12  Konths 

C  MISRATED  TO;*  em*:w 


Onto  '  r  ■  * ■  ■  so 


^  O 

SnjMffJ  ^  — 

for  Quality  Manager,  Service  Division 
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MARCONI  INSTRUMENTS  LIMITED 
SERVICE  DIVISION 
Eleclitcdl  and  Electronic  Calibration  Laboratories 
The  Airport.  Luton.  Beds  LU2  9NS 

Telephone  Luton  33S66  T.I**  826248 


Uel  jtiin  u5 >-24/2 


Registration  Nu  IT  LMQ1 


Certificate  of  Test 


This  certificate  is  issued  m  accordance  wiin  om  ■  iv  Ai.knuwieoymeni.  and  the  general  terms  and  conditions 
ol  business  ol  Marcum  instruments  L  mu  led  Tne  M  i  'jo  <juy  Warranty,  details  ot  which  are  given  overieal.  applies 
only  to  tne  repairs  carried  out. 


The  equipment  described  below  has  been  calibrated  and  found  to  comply  with  Hie  manufacturer  s  published 
performance  specification  at  ihe  measured  points,  due  allowance  h«*mg  been  made  tor  the  uncertainty  ot  the 
measurements 


Job  No  614285 


Description 
Serial  No 


Signal  Cenorator  TP.  bOI  b/l 

53599/24  c/w.  kuna  Lead  u  13  A  tup  Plu^ 


T he  col’bt <jtion  was  Carr ted  out  usiikj  .vt  ,i »  mij  .i.m: Jo*  - 1*,  .vlnrh  jrc  soDiect  to  regular  per  iodic 
mertvifemenn  are  traceable  to  St.iinJ.ira*.  .4.  .  i  :  .vt..  n:  i».,nc  -  Aisi 


The  calibration  was  carried  out  m  U.h»  «.•  w»in  tt»c  general  requirements  of  Oef  Stan 
standards  which  arc  subject  to  legular  p«*M(..)ir  v»  mIh  Jltun.  <nul  the  measurements  aft 
traceable  to  National  Standards,  c-Aiepi  wlioiv  m***'  i*i>i 
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AML 
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CALIBRATION 


Meter  100V _ ; _ Meter  SOW 
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MARCONI  INSTRUMENTS  LIMITED 
SERVICE  DIVISION 
Electrical  and  Electronic  Calibration  Laboratories 
The  Airport.  Luton.  Beds.  LU2  9NS 

Telsphorss  tuton  33866  Tele*  826248 


Oel.  Sun.  05-24/2  Regulation  No  1 3  L M 05 


Certificate  of  Test 


* 


This  certificate  ii  iisuad  in  ^ccordonco  with  our  Order  Acknowledgment.  and  th#  general  terms  and  conditions 
of  business  of  Marconi  instruments  Limited  The  M  I  90-day  Warranty,  details  of  which  are  given  overleaf,  applies 
only  to  the  repairs  carntd  out 


The  equipment  described  below  has  boen  calibrated  and  found  to  comply  with  the  manufacturer's  published 
performance  specification  at  the  measured  points,  due  allowance  having  been  made  for  the  uncertainty  of  the 
measurements 


Job  No  6^0490/8 

Description  Voltastsr  Tr’.  104 IB 
Serial  No  J A  217-484 

c/v.  2  Probes  &  Leads  &  T  Connector  Unit 

The  calibration  was  carried  Out  using  workinq  standards  which  a'e  Subicct  10  regular  per.odic  verification,  end  the 
measurements  .iro  traceable  to  Nahonjl  Standards,  except  where  <one  exist 


The  calibration  was  carried  out  in  accordance  with  the  yeni-rol  rcquiri-mi'ini  ol  Del.  Sian  05-26/2,  using  working 
standards  which  are  subicct  to  rogular  periodic  verification,  arid  the  measurements  are 
traceable  to  National  Standards,  except  whoru  none  exist 
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MARCONI  INSTRUMENTS  LIMITED 
SERVICE  DIVISION 
Electrical  and  Electronic  Calibration  Laboratories 
The  Airport.  Luton,  Beds.  LU2  9NS 


Telephone:  Luton  33666 


Telex.  026248 


0*1  Sun  05-24  17 


Registration  No  13LMQ1 


Certificate  of  Test 


This  certificate  it  issued  in  accordance  with  our  Oroor  Acknowledgment,  and  the  general  term*  end  conditions 
of  tusmeis  of  Marconi  instruments  Limned.  The  M  I  90-day  Warranty,  details  of  which  ere  given  overleaf,  applies 
only  to  the  repairs  carriad  out. 

The  equipment  described  below  has  baen  calibrated  and  found  to  comply  with  the  manufacturer's  published 
performance  specification  at  the  measured  points,  due  ailowance  haying  been  made  fur  tre  uncertainty  of  the 
measurements. 


Job  No. 


Oescnptioo 


Sene!  No 


630490/9A 

Electronic  Voltmeter  T F.  2604 


200933-037 
c/v.  2  Pro bee  &  Lead*  TA  503 IB 
*  13  Amp  Plug  &  Lead 

The  calibration  was  carried  out  using  working  standards  which  are  subject  to  regular  periodic  verification,  and  the 
measurements  ere  traceable  to  National  Standards,  except  where  none  exist. 


The  calibration  was  carried  out  in  accordance  wnn  the  general  requirements  o I  Del,  Stan  05—26/2,  using  working 
standards  which  are  subject  to  regular  periodic  verification,  and  the  measurements  are 
traceable  to  National  Standards,  except  where  none  exist. 
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CR/vVINER  LTD. 
SLOUCH. 


ADVANCED  AIRCRAFT  PIRE  DETECTION  SYSTEM  t- 

CON'TROL  UNIT  TYPE  5381 3-^03  SERIAL  No  100 
CONTROL  UNIT  TYPE  5381  5-2QL  SERIAL  Ko  100 

cr-sr.:  ^armhc  unit  type  5381 3-202 


TESTS  CS0£.RSQ2  TO  KIL-STP-UlA. 

TRANSIENT  VOLTAGE  ACCEPTANCE  TO  MIL-STD-70U. 


Leeds  Old  Road  Bradford 

West  Yorkshire  BD3  8LA  England 
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»V  Ok  KIT'S  M'l.Tafck 

CU&TOt'-SR 

CULTOl&R 1 S  Egl •IFT/c.t  T 


CUSTOMER* 


i  IR EVERTS 


CUSTOMER *S  RETRESKMTATIVE 

TESTED  BY 

DATE  OF  TESTS 

TEST  LOCATION 


A5704C1  ii 

Graviner  Ltd.ilough. 

Advanced  Aircraft  Fir®  Detect ion  Syst 

Control  Unit  Type  53Q1 3-203  i>A  100* 
Control  Unit  Tyje  5381 3-204  SA  100. 
Crew  Warning  Unit  Type  53813-^02. 

The  system  is  to  b®  subjected  to  teat- 
CS06,  RS02  to  Spefication  t'IL-STD-L6l  A 
Taste  for  transient  voltage  aoceptanc 
to  b®  applied  to  the  requirements  of 
WIL- STD-70  LA  for  category  "B"  Equipme 

Ur  A.  Kackrell. 

G.  Mitchell. 

April  1980. 

Environmental  Laboratories, Bradford. 

Pulse  Generator  Type  AE  7753 

Pulse  Generator  Type  AS  77L£ 

Oscilloscope  type  180A  Serial  Ro  R2370 
calibrated  on  eAch  day  of  test. 
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i.  introduction 


Testa  were  performed  on  the  Advance  Fire  Detection  System  in  accordance 
with  the  requirements  of  paragraphs  1  .2 .7.,  1  .2.9 .  and  1.2.11.  of  L*essrs. 
Craviner  Ltd  E.i'.I.  Teat  Plan  (Issue  No  U) .  The  tests  were  performed  in 
order  to  demonstrate  the  system  compliance  with  Te^ts  CS06,RS02  to  MIL- 
STD-L61  A, Notice  No  3, Class  A1  and  KI1~STD-?0AA. 

2.  TEST  AfrhAKGENENT 
2.1  .  TEST  LAYOUT 

The  test  layout  was  as  shewn  in  figure  No  1  of  the  test  rl‘.n. 

2.2.  OFEKATION  OF  THE  SYST..K 

2.2.1.  CONDITION  1  "ST.UrDBY" 

This  condition  was  when  the  U.V,  source  was  switched  off  and  the  "FIRE* 
and  "FIRE  DET  FAIL"  indicators  were  not  illuminated. 

2.2.2.  CONDITION  2  "FIRE" 

This  condition  was  when  the  U.V.  source  was  switched  on  and  the  "FIRE" 
indicators  were  illuminated  on  the  crew  warning  unit. 

2.3.  SUSCEPTIBILITY  CRITERIA 

The  criteria  for  susceptibility/non-susceptibility  was  as  follows 

CONDITION  1  -  Illumination  of  ar\y  Crew  Darning  Unit  "FIRE"  and 

'*FIRE  DETECT  FAIL"  indicators. 

CONDITION  2  -  Cancellation  of  either  "FIRE"  indicators. 


*  rt  :  o  -r.:/  v/.  c^o 


Shoot 

3  of  <|  Lhejts 

(1) 

115V 

400H» 

Line  to 

Control  Unit  MA"  Pin  14. 

) 

115V 

400Hs 

Line  to 

Control  Unit  "A"  Pin  1?. 

)  all  linked  together 

115V 

4OOH1 

Line  to 

Control  Unit  ”B"  Fin  14. 

) 

(2) 

H5V 

400K* 

Neutral 

to  Control  Unit  "A*  Pin  13. 

) 

H5V 

4  OOH* 

!;eu  tral 

to  Control  Unit  "A"  Tin  17. 

)  all  were  linked  together 

115V 

AOOHz 

Neutral 

to  Control  Unit  MB"  lin  13. 

) 

(3) 

28V 

D.C. 

Positive 

to  Control  Unit  ’’A*  Pin  12 

) 

28V 

D.C. 

Positive 

to  Control  Unit  "B"  Pin  12 

)  all  linked  together 

2.8V 

D.C. 

Positive 

to  Crew  V.srning  Unit  Pin  6 

) 

U) 

28V 

D.C. 

Negative 

to  Control  Unit  "A"  Pin  29 

) 

28V 

D.C. 

Negative 

to  Control  Unit  *B"  Pin  29 

j  linked  together 

2.4.3.  TESTS  POR  TRANSIENT  ACCEPTANCE  TO  A.C.  P0./5R  LEADS 

The  following  step  functions  were  selected  from  figure  Ko  J  of 
MIL-STD-704A  for  category  "B"  equipment. 

The  step  functions  were  apjlied  with  the  system  operating  in  the 
HSTANDBYBaode  and  then  repeated  whilst  in  the "FIRE"  node.  The  results 
of  the  tests  ere  shown  below 


STANDBY  MODE 

BASIS  OF 

APPLIED 

TIME 

STEP  FUNCTION 

VOLTA OS 

FESTod 

REMARKS 

Limit  No  1 

180V 

0.1  wLC  e 

A 

1 

14<* 

1 .0 

2 

160 

0.04 

3 

60 

0.05 

w  - 

3 

Zero 

0.05 

Not  Susceptible 

4 

102 

7.0 

4 

Zero 

7.0 

5 

140 

0.02 

6 

74  4  5i 

1  0.02 

J 

•; :  <,-t 


A  1/ 


Or-.AJ.Te.  *\®E 

BASTE  OF 

STEF  FUNCTION 

A}- HIED 
VOLTAGE 

TIM 

F-:*I0D 

REMARKS 

Limit  No  1 

180 

0.1  SEC. 

Not  Susceptible 

1 

148 

1 .0 

Not  Susceptible 

2 

1 60 

0.04 

Not  Susceptible 

3 

3 

60 

Zero 

0.05 

0.05 

Both  "FIRE"  lights  extinguish 
and  relight  on  resumption  of  the 
normal  1 1 %V  su:clv 

4 

102 

7.0 

Not  Susceptible 

4 

Zero 

7.0 

"FIRE"  lights  extinguish  and  fire 
detect  f.«.il  become  illuminated  and 
extinguish  after  the  transient  and 
fire  lights  re-illuminated. 

3 

140 

0.02 

Not  Susceptible 

6 

74 

0.02 

Occasional  R.H.  fire  lamp 

extinguishes  but  re-illuminatea. 

2.4.4.  TESTS  POR  TRANSIENT  ACCEPTANCE  TO  D.C.  POV.~ER  LEADS. 

The  following  step  functions  were  selected  from  figure  No  9  of 
IQL-STD-704A  for  category  "3"  equipment. 


CYCLE 

APPLIED 

TIM 

PERIOD 

No 

voltage 

1 

80 

0.06  SEC 

2 

49 

1 .0 

3 

70 

0.02 

4 

60 

0.015 

5 

11 

0.03 

6 

8 

0.05 

7 

Zero 

7.0 

8 

22.5 

_ 

7.0 
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V)iO  w.-js  set  to  operate  ir  the  standby  node.  Test  cycle  No  1 

was  then  applied.  This  application  c'.ueod  both  the  "PIRi"  lamps  to  fell. 

The  unit  was  examined  by  the  cuatooer's  representative  and  it  was 
found  that  1<36,  (lj{.  l/2  resistor),  in  both  common  logic  boards  had  gone 
open  circuit. 

These  components  were  then  replaced  with  type  v;2l  resistors,(l5k  2.5'.’.')» 
resistors.  The  unit  then  operated  satisfactorily . 

The  step  functions  were  then  applied  with  the  eystem  operating  in  the 
"STANDBY"mode  and  then  repeated  with  the  system  operating  in  the  "FUt£*  mode. 

The  resul'tt  of  the  tests  are  shown  below  : - 


2.5.  TESTS  WITH  IKPOBTED  VOLTA&E  SUKSS  ON  P.C.  POWER  LINES 


Paragraph  5.2.3-  and  figure  17  of  I2L-STD-704A  calls  up  an.  imported 
voltage  spike  test^for  d.c.  powered  equipment.  The  spike  is  to  be  in  the 
form  of  a  single  half  sine  wave  of  base  width  tOpS.  The  spike  is  to  be 
sup -riaposed  onto  the  d.c.  power  leads.  The  amplitude  of  the  test  spikes 
i a  to  be  _♦  600  volts  when  at  open  circuit.  The  source  impedance  of  the 
spike  generator  is  to  be  50U. 

The  *600v  spikes  were  applied  at  a  rate  of  one  pulse  per  second  to 
the  d.c.  lines.  The  system  was  then  operated  for  s  five  minute  period 


in  each  of  the  two  operating  modes.  This  procedure 
with  the  polarity  of  the  test  spikes  reversed,^ 


was 


then  repeated 


'•'■hen  on  lir.o  ti.-tn  the  sm;litude  of  the  lo^itive  going  r.i  iV.oa 
was  attenuated  to  +UOO  volts.  The  negatively  imj  o;.ed  e;  i res  •.-.•ere 
unattenuated. 

The  Fire  Detection  System  oper-ited  normally  throughout  the  application 

of  these  tests. 


2.6.  TEST  CS06  -  CONDUCTED  SUSCEPTIBILITY  -  PQV.oh  LEADS 
2.6.1.  TEST  CS06  -  D.C.  PC.  ER  LEADS 

The  spikes  were  parallel  injected  onto  the  d.o.  power  lines  by 
mean s  of  the  prulse  generator  type  AE77L6.  The  base  width  of  the  spikes 
was  lOpS  and  the  amplitude  was  set  to  twice  the  line  voltage  of  26  volts 
which  =  56  volts.  The  total  peak  voltages  in  the  caae  of  positive  and 
negative  superimposed  voltage  spikes  was  *&U  and  -28  volta  respactivaly 
with  respect  to  the  sero  voltage  level.  The  spike  repetition  frequenoy 
was  sat  to  ten  pulses  per  seoond  and  tha  test  was  applied  for  a  period 
of  five  minutes  in  each  polarity  for  each  operating  mode. 

Tha  Fire  Detection  System  operated  normally  throughout  the  application 
of  the  tests. 


2.6.2.  TEST  CS06  -  A.C.  PQV.'Eft  LEADS 

The  spikes  were  parallel  injected  onto  the  a.e.  power  lines  by  means 

of  the  pulse  generator  type  AE7746.  The  base  width  of  the  spikes  was  lOpS 

and  the  amplitude  of  the  spikes  was  set  to  100  volts.  The  spike  repetition 

frequency  was  set  to  ten  pulses  per  second. 

The  spikes  were  synchronised  to  the  power  lino  frequency  and 
positioned  at  each  90°  position  for  a  period  of  fiTe  minutes.  The  spike 
was  also  positioned  from  0  to  360°  of  the  power  line  waveform. 

Positive  and  negative  spikes  were  applied  for  equal  tima  periods 
at  all  the  phase  positions  listed  above.  The  total  time  that  the  spikes 
were  applied  was  not  less  than  30  minutes.  This  test  was  performed  1 
the  standby  mode  and  then  repeated  far  the  fire  mode. 

The  fire  Detection  System  operated  normally  throughout  ,ne  at  .ication 
of  the  tests. 
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2.7.  Y£S?  RS02  -  SUSC.O  TIBI  LITY  TO  r.-‘.G?;-.?ICALLY  IKiUCED  FIELDS 
2.7.1  .  ClBLS  TEST 

Magnetic  Induction  field  tests  -.vers  performed  on  all  the  cable 
bundles  interconnecting  the  system.  This  bundle  was  wrapped  with 
wire  along  the  length  of  the  bundle  at  a  rate  of  two  turns  per 
metre  length.  The  following  tests  were  then  ap plied 

Teat  (a)  A  current  of  20  Amps  r.a.s.  400Ht  was  passed  through 
the  wire. 

Test  (b)  Yoltage  spikes  were  applied  to  the  wire  at  a  rate  of 
10  pulses  per  second.  The  spikes  v. ere  of  a  base  width 
of  1 0p S  and  peak  voltage  400  volts  when  r.cesur?d  across 
a  30  impedance  in  series  with  the  wire  wrappings. 

Test  (a)  waa  applied  for  a  period  of  5  mir.utea  with  the  fire  Detection 
system  operating  in  the  standby  mode.  This  procedure  was  then  repeated 
with  the  system  operating  in  the  fire  mode. 

Test  (b)  was  then  applied  to  the  wire  whilst  the  system  wne  operated 
for  a  period  of  5  minutes  in  each  of  the  two  operating  modes.  These 
tests  wore  then  repeated  with  the  polarity  of  the  spikes  reversed. 

The  Fire  Detection  System  operated  normally  throughout  the  application 
of  the  tests. 


2.7.2.  CASE  TEST 

2.7. 2.1  CASE  TEST  -  CREY/  WARMThO  WIT 

The  case  of  the  Crew  Warning  Unit  was  wrapped  with  throe  turns  of  wire 
as  shcum  in  figure  (a)  of  Appendix  "A"  of  this  rejort.  Tests  (a)  and  (b) 
as  detailed  in  paragraph  2.7.1.  of  this  roport  were  then  applied  to  the 
wire  wrapping. 
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2. 1.2. 2.  CALL  TEST  -  CONTROL  UMT  TV  Fa  33bl  3-2f>3 

The  case  of  the  control  unit  was  wrajjed  with  wire  in  a 
similar  manner  as  described  in  para.  2. 7. 2.1.  of  this  rejort. 
Tests  (a)-  and  (b)  were  then  applied. 


2. 7.2. 3.  CASE  TEST  -  COfTKOL  UMT  TYFS  33313-20 U 

The  case  of  the  control  unit  was  wrapjed  with  wire  in  a 
similar  manner  as  described  in  para.  2. 7.2.1.  of  this  report. 
Tests  (a)  and  (b)  were  then  applied. 

RESULTS 

The  Tire  Detection  Syatea  operated  normally  throughout  the 
application  of  the  teata. 


3.  CONCLUSIONS 

The  aystem  was  damaged  by  the  application  of  the  80  volt  transient 
acceptance  requirement  of  KIL-STD-7C4A.  This  was  due  to  the  failure  of 
R36» (l/2  V<  resistors). 

Components  106  were  replaced  by  type  VV22,(£,5  >.att  resistors) 
and  the  acceptance  teata  were  then  satisfactorily  completed.  The  system  then 
operated  normally  throughout  the  tests  and  .-.as  not  suaoeptible  in  any  way 
to  the  test  epplicatione. 

It.  RKuarKENDATIOHS 

That  the  build  standard  of  the  units  incorporates  the  modification 
to  uprate  R36  to  a  type  W22  component. 


Signed 


Approved 


(C.  Vitchell) 
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1.  INTRODUCTION 

The  following  unit*  war*  subjected  to  tho  following  taata  in 
accordance  with  the  following  specifications* 

1.1  Crew_J#aro^n£_UnEt 

Craw  Warning  Ihit  Type  33813*202  Serial  No. 101  waa  subjected 
to  a  raaonanea  aaarch  in  accordance  with  Specification 
MIL-STD-8 IOC |  aethod  $l4. 2-2 i Procedure  1| Curve  J  of  Pig. $14.2-2 
'  and  to  randoa  vibration  in  aeeordaneo  with  Specification 
MIL-STD-8lOCs  aethod  $14.2)  Procedure  1A {Pigs. $14-2-11*  and 
314-2-2*. 


1.2  Coaputar  Control  Unit 

The  unita.  ^oaputer  Control  Unit  Type  53813-203, Serial  No. 100 
<  Syatea  A) t  Type  33813-204 {Serial  No. 100  (*yetea  B  with 
Battery  Card) ,  were  aubjaeted  to  a  resonance  search  in 
accordance  with  Specification  MIL-STD-810C ,  Method  $l4.2.2| 
Procedure  1,  curve  J  of  Pig. $14.2. 2>  to  randoa  vibration  in 
accordance  with  Specification  MIL-STD-810C,  Method  513*2 
Procedure  1A,  Piga.515-2-llA  and  $14-2-2*,  apd  to  an  acceleration 
teat  in  accordance  with  Specification  MIL-STD-81OC,  Method  $13-2 
Procedure  1. 

1*3  Sinolo  and  Dual  Detector  Heada 

The  unita,  single  detector  head  type  53$21-Ol2-and  dual 
detector  head  type  53532-011,  were  both  eubjeetad  to  a 
resonance  search  in  accordance  with  Specification  MIb-STD-8lOC 
Method  $l4.2  Procedure  1,  Curve  C  of  Pig.5l4.2-2,  and  to 
randoai  vibration  in  accordance  with  Specification  M1L-STD-810C 
Method  $l4.2  Procedure  1A,  Pig.5l4.2-HA  and  $18.2-3*. 


2.  TEST  DETAILS 


2.1  Crew  Warning  Unit 
Reeonance  Search 


The  unit  was  subjected  to  a  resonance  search  in  each  of  the 
three  Mutually  perpendicular  axes  at  the  following  frequencies 
and  level a i 

5  •  14  H*  •  0.10  peek-to-peak 


14  •  23  Ms  At  tg 

23  -  53  H*  •  0.038  peak- to- peak 


52  •  2000  Ms  •  5g 
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2.1  Crow  Worn Inc 


Ut  (cent) 


Rgndo*><Vi£rat^on 

Tho  unit  woo  subjected  to  rondo*  vibration  ot  th«  lovols  Shown 
in  Fig.l  for  ona  hour's  duration  in  each  of  tho  thro*  Mutual ly 
perpendicular  axes. 

Computer  Control  Unit 

Resonance  Search 

The  units  were  subjected  to  a  resonance  search  in  each  of  the 
three  Mutually  perpendicular  axes  at  tho  following  frequencies 
and  levelst 

5  -  14  Ha  •  0.10  peak- to- peak 
14  -  23  Ha  •  10 

23  -  32  Ha  0  0.036  peak-to-peak 
32  -  2000  Ha  9  5o 

Rondo*  Vibration 

The  unite  were  subjected  to  rondo*  vibration  at  the  levels  shown 
in  Fig.l  for  one  hour's  duration  in  each  of  the  three  Mutually 
perpendicular  axes. 

Accleration 


The  units.  Syatea  A  and  Syste*  B  (with  Battery  Card),  were 
subjected  to  a  constant  acceleration  of  23. 3g  for  60  seconds 
in  each  direction  of  each  of  tho  throe  Mutually  perpendicular 

axes. 


2.3  Single  and  Dual  Detector  Heads 
Resonance  Search 

The  units  were  subjected  to  a  resonance  search  in  each  of  the 
three  Mutually  perpendicular  axes  at  the  following  frequencies 
and  levs 1st 

5  -  14  Ha  0  0.10  peak-to-peak 
14  -  23  Ha  at  Ig 
23  -  90  Hs  f  0.036  peak-to-peak 
90  -  2000  Hx  at  l3g 


Rando*_Vibraitiion 

The  units  were  subjected  to  randon  vibration  at  the  levels  shewn 
in  Pig. 2  for  one  hour's  duration  in  each  of  the  three  Mutually 
perpendicular  axes. 
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3.  TEST  RESULTS 
3.1  Crow  W«mlnn  Unit 
Resonance  Swrch 
AXIS  1 

A  Monitor  acce la roaster  wu  mounted  in  positions  A  and  B 
(lM  Pig. 4) 


Monitor 

Peak 

mgmm 

Output 

Acceleroneter 

Raaonanca 

■ 

Laval 

position 

Frequency 

(Hs) 

u> . . 

A 

154 

5 

22 

B 

142 

5 

37 

AXIS  2 

Between  115  Hs  and  150  Ha,  thar*  was  a  rasonanca  in  tha 
diraction  of  tha  vibration,  and  between  150  Ha  and  196  Ha 
thara  was  a  raaonanca  normal  to  tha  diraction  of  vibration. 

AXIS  3 

Thara  was  a  raaonanca  between  130  Hs  and  234  Ha  with  a  paak 
at  196  Hs. 

Randoa  Vibration 


Tha  unit  was  functionally  tost ad  by  tha  visiting  Cravinar 
Engineer  throughout  tha  taat.  Tha  unit  functionad  satisfactorily 
during  tha  tasts  in  A saa  2  and  3.  Aftar  35  ainutaa  in  Asia  1, 
tha  left-hand  firm  warning  light  failad  to  oparata.  Tha  unit 
waa  o pan ad  by  tha  visiting  Engineer.and  a  broken  laad  waa 
found  at  tha  aoldsrsd  Joint  by  tha  laap.  This  was  repaired  and 
a  tie  rap  waa  added  to  hold  tha  cable  and  reduce  aovaaant. 

The  tost  was  than  repeated  and  tha  unit  found  to  function 
satisfactori ly. 


4  7  I 


3.2  Computer  Control  Unit 
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Resonance  S porch  «  Syttw  A 


!““  H 

*rmrer 

Coolants 

1  1 

l  (normal 

100-202 

End  board  aoving  at  bottom. 

to 

263 

Brown  loan  load. 

Mounting 

faca) 

(No  raaonanca  could  ba  saon  at  tha  sain  cards) 

2 

73-96 

Cards  aoving  slightly  togathor. 

(nonaal 

94-112 

Outsida  card  aoving  aura. 

to 

long 

112-110 

140-162 

Peek  (aapacially  outsida  cards) 

aids) 

All  cards  aoving,  not  together. 

162-300 

All  cards  saving  slightly 

255 

t 

hire  sowing  ins Ida  loos. 

3 

40-30 

Slight  sovaasnt  of  and  card. 

(nort*l 

to 

50-57 

All  cards  aoving  slightly. 

short 

aids) 

85-U3 

All  cards  sowing  slightly. 

110 

Middle  card  sowing. 

» 

115-140 

Single  card  sowing  strongly. 

140-155 

Single  card  saving  vary  strongly. 

155 

Posh  sov ament  of  single  card. 

153-174 

Single  card  sowing  strongly. 

174-200 

Single  card  sowing  slightly. 

Bghdog  Vibration  -  Syatem  A 

The  unit  was  functionally  taatad  by  tha  visiting  Graviner  Engineer 
throughout  tha  tost.  Tha  unit  was  found  to  function  satisfactorily 
in  all  a Xmm. 

Acceleration  -  Systasi  A 

Tha  unit  was  functionally  tastad  aftar  aach  diraction  and  nsis 
bofora  commencing  with  tha  following  run.  Aftar  tha  tost  was 
completed,  tha  unit  waa  returned  to  Gravlnars  Ltd.,  whan  full 
functional  toots  wars  carried  out.  Tha  visiting  Enginaar  holds 
thaea  functional  taat  results. 
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R<«ocwwc«  Swreh  -  Sj^stan^JJ  (without  Oattary  Card) 


Asia 

T*7HT 

Coaaanta 

1 

150-160 

Outaida  board  Moving  vary  alightly. 

(normal 

to 

160-180 

Inaid*  and  outaida  board*  aoving  vary  slightly* 

■ounting 

180-100 

Inaida  board*  Moving  vary  alightly. 

faca) 

208-230 

End  board  Moving. 

a 

(noraal 

93-118 

Boards  Moving  alightly  togathar. 

to 

long 

aida) 

118-123 

123 

123-160 

160-197 

Outaida  boards  Moving  strongly.  Othar  boards 
aoving  lass  strongly. 

Paak  aovanont. 

Slight  Movaaant  of  board*. 

Vary  alight  novanant  of  boards. 

3 

(noraal 

to 

48-53 

End  card  Moving  slightly. 

53-55 

Hiddlo  and  and  cards  aoving  alightly. 

ahort 

55-60 

An  cards  aoving  slightly. 

aida) 

75 

Single  card  aoving  slightly. 

Random  Vibration  «  ^ritw  B  (without  Battary  Card) 

Tha  unit  waa  functionally  taatad  by  tha  viaiting  Gravinar  Enginaar 
throughout  tha  tast.  Tha  unit  waa  found  to  function  aatiafactorily 
in  all  axaa. 
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Reaonafl£e  S«»rch  -  Svatan  B  (without  Battery  Card) 


Axia 

F requency 
.  (Ha) 

Coanonts 

1 

(noraal 

to 

Mounting 

faca) 

150-190 

195 

300-320 

320 

450-529 

Two  aupport  card a  Moving. 

Battary  and  ita  aupport  card  Moving  alightly. 

Support  board  Moving. 

All  long  carda  Moving  alightly. 

Front  abort  board  Moving. 

2 

(noraal 

to 

long 

aida) 

65-109 

109 

135 

140-200 

451 

Long  carda  Moving  together  in  tha  diraction  of 
vibration. 

Peak  ooveMent. 

Peak  mov a Man t  of  outaida  card. 

All  carda  (except  Battary  Card)  Moving. 

Outaida  card  Moving  alightly. 

(No  appreciable  raaonancaa  could  be  aeon  of  tha 
Battary  Card  and  ita  aupport  card). 

3 

(noraal 

to 

abort 

aida) 

170-202 

202-214 

270-340 

370-390 

Short  board  Moving. 

Peak  mov— an t  of  abort  board. 

Outaida  long  card  Moving  alightly. 

Short  board  Moving  alightly. 

Randoa  Vibration  -  >nt«a  B  (with  Battery  Card) 

Tha  unit  waa  functionally  taatad  by  tha  viaiting  Cravinar 
Engineer  throughout  tha  taat.  Tho  unit  waa  found  to  function 
aatiafactorlly  in  all  axea. 


Accolaratlon  -  Seaton  8  (with  Battary  Card) 

Tha  unit  waa  functionally  taatad  aftar  aach  direction  and  axis 
bafora  connencing  with  tha  following  run. 

Aftar  tha  taat  waa  conplatad,  tha  unit  waa  ratumad  to 
Gravinera  Ltd.  whara  full  functional  taata  wara  carrlad  out. 

Tha  viaiting  Knginaar  hold#  thaaa  functional  taat  raaulta. 


< 


474 


ShMt  9  of  U 
REPORT  MO t  CMV  3739 


7,3  Single  and  Dual  Qeiirtrr  “v -ie 
HescmaRca^S^eereij 

In  Axis  1  (see  Fig. 5),  there  wee  rocking  on  tho  Mountings  of 
the  duel  detector  heed  between  368  end  3&5  He*  There  wee  no 
detecteble  resonences  of  the  einole  detector  heed  in  this  axis. 

In  Axie  2,  the  single  heed  wee  rocking  on  its  Mountings, 
especially  between  631  end  687Hz. 

In  Axis  3,  the  duel  detector  heed  wee  rocking  on  its  Mounts 
et  597  Hs. 


Rendon  Vibration 


The  units  were  functionally  tested  by  the  visiting  Graviner 
Engineer  throughout  the  test.  Both  unite  were  found  to  function 
satisfactorily  in  ell  exes. 


Reported  byt  P.A.Brackley 
Report  No l  £NV  2739 
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British  Aerospace 

DYNAMIC  (  H,T 

HATFIELD,  HLATf-OiOSHIRE 
CNCLAUD 

TEST  HOUSE  CERTIFICATE 

A  w  117 

issued  under  kSinistty  of  Defence  Quality  Assurance  Board  Approval  Ho.  12718 


To:  Messrs.  Graviner  ltd. 

Address  Poyle  RoadJ  Colnbrook, 
Sloughi  SL3  OHb 


Out  4  Auguat  198P  . . 

Contract  No.  IND  856QA 


Sub  Contract  Order  No. 


Works  Order  No.  *4  °94?/P9P9® 


Environmental  Engineering 
Report  No.  E  T  R  229  7 


LABORATORY 


Item  Tested  —  i  -y  Detector  Head  Type  53522-011  Serial  Humber  IP  1  and  XP7. 

Type  53521-012  Serial  Number  XP1  and  XP5 
Test Specification:  iiil-std-81  0,  Method  515,  Procedure  1,  Category  B. 

Result  Summary  —  T)ie  four  onjta  wore  subjected  to  an  acouatio  environment 
to  MIL-STD-810  for  a  duration  ol  30  minutes. The  Overall  Sound  Pressure 
Level,  measured  using  three  Drue  1  &  Kjaer  Type  Li  35  microphones,  was 
15L  dB  re.  2  x  10'5  N/m2. 


Prepared  by: 


(Printed)  \f  g  Betts 

Certified  that  the  tests  have  been  earned  out  to  t*'c  requirements  of  the  Director-General  of  Quality 
Assurance 


/b .  &u*r. 

(Printed)  ’*  B  Roberts 
for  and  on  behalf  of 


Distribution . 

Customer  Heat 

Customer's  Chief  Inspector 
N  o  q  D  Hies 

Chief  Inspectoi .  HaU  icld 


British  Aerospace 
Dynamic a  Group 


Head  of  Test  Howie  laboratory 
Hies  4©0 


I .<»  M.  UK 
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TEST  CERTIFICATE  ETP  2297 
ACOUSTIC  VIBRATTOM 


British  Aerospace 

DYNAMICS  C.MXJP 

HATFIELD,  HcRTFOiiDSHIRE 
CNCLAUD 


TEST  HOUSE  CERTIFICATE 

A  If  117 

i'  sued  under  Hinistry  of  Defence  tju^lity  Assurance  Board  Approval  Ho.  12718 


Te:  Messrs.  Gravinar  ltd. 

Address  Poyle  Road M  Co  lnbroolc, 
,  Slough*  3L3  OHb 


Dais  4  August  1980 
Contract  No.  .  XNQ  $5t0i A 
Sub  Cenirsct  Order  No. 

Works  Order  No.  44  0^4^/00000 


Environmental  Engine erinj/ 
Report  No.  E  T  R  2297 


LABORA  TORY 


Item  Tested: —  u-V  Detector  Mead  Type  53522-011  Serial  number  XP  4  and  XP7. 

r  ype  53521-012  Serial  Number  XP1  and  XP S 
Test  Specification  —  musTD-dl  0,  Method  515,  Procedure  1,  Category  B. 

Result  Summer/ —  ^i(J  four  wore  subjected  to  an  aoouatlo  environment 

to  UIlr-STL-610  for  a  duration  ol‘  30  minutes. The  Overall  Sound  Pressure 
Level,  measured  using  three  Bruel  <&  KJaer  Type  i*i  35  mlorophones,  was 
151  dB  re.  2  x  10“^  N/m^. 


Prepared  by: 


(Printed)  w  B  Betts 


Certified  that  the  mu  have  been  carried  out  to  t*ia  requirements  of  the  Director-General  of  Quality 
Assurance 


Ceri'fed 


Distribution 

Cuuomer  Head  of  Tell  Home  I  aboratory 

Customer's  Chief  Inspector  ,  Q  , 

N  0  Q  D  file,  483 

Clrtef  Intpcctoi .  rit»U  icld 


/S.  /CuJi'. 

(Printed)  *  B  Roberts 
for  and  on  behalf  of 

British  Aerospace 
Dynamics  Croup 
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TABLES  FOR  APPENDIX  B 


485 


NO. 2 


i RMN&  umt 
Serial  No. 


T 


1 


2?okJC.  Input. 
Vo LTS.  I  m-A. 


TABLE 


U.V.A.F.bS.  CREW. 


493 


TABLE  NO. 8 


Detector  Type  53522-011,  S/No.  XP6  and  Detector  Type  53521-012 
S/No.ENV. 


After  Acceleration 


Calibration  Count  75  p.p.8. 


Detector  Unit  Type 


Q.5  304  Para. 
5.2 


5.2.1. 


5.3. 

5.4.  1. 

5.4.2. 


53522-01 t 

'53521-012 

XP6 

ENV 

A 

B 

76.0 

77.4 

97.0 

28.0 

30.0 

34.0 

0 

0 

0 

SATISFACTORY 

SATISFACTORY 

SATISFACTORY 

SATISFACTORY 

20  Megohms 


2*20  Megohms 


TABLfc  N0.9 


U.V.A.E3>.S.  CREW.  WARNING  Mil 


TABLE  NO. 10 


TAflLfc  NO.  >2 


U.V.A.EZS.  CREW.  WARNING  UNIT 
Tjrt:S36l3-Zoz.  Serial  A/a.  101 


Test 


Sta&e- 


During  Random  Vibration  -  Plane  3. 


?ara. 

No. 

Ib'Ov.l.i 

VolT s. 

W*uT 

in*  ^  • 

2<jov.3.C 

Volts. 

Input. 

ttuA  ■ 

69.0 

100. 0 

4-3-3. 

66.0 

98.0 

4J.4. 

69.0 

100.0 

mm 

68.0 

99.0 

mm 

1.7 

m 

1.5 

14.5 

4-3.7. 

1.7 

B 

1.5 

14.5 

4.3.6 

1.7 

■B 

IB 

■B 

ra 

1.7 

7.9 

1.5 

14.5 

on 

N/A 

4X.I. 

| 

| 

N/A 

mm 

n 

N/A 

mm 

02S&I 

N/A 

In$ul. 

>  20  Meg. 

TABLE  NO. 14 


System  A.  C.C.U.  Type  53813-203  S/No. 100 


Testing  during  random  vibration  was  limited  to  response  and  reset  time 
tests. 


Response  Time _ Reset  Time 


Plane  3 

1.18  seconds 

0.876 

second 

1 . 30  seconds 

0.931 

second 

1 . 1 5  seconds 

0.902 

second 

Plane  2 

1.30  seconds 

0.936  second 

1.20  seconds 

0.885  second 

1.18  seconds 

0.984  second 

Plane  1 

1 . 16  seconds 

0-.  90  second 

1.25  seconds 

0.98  second 

1 .26  seconds 

0.93  second 

500 


TABLE  NO. 16 


System  B,  C.C.U.  Type  538)3-204  S/No. 100 
Without  Battery  Card 


Testing  during  random  vibration  was  limited  to  response  and  reset 
times . 


Response  Time 

Reset  Time 

« 

Plane  3 

0.964  second 

1.09  seconds 
0.964  second 

0.955  second 
0.845  second 
0.905  second 

Plane  2 

1 .02  seconds 

0.903  second 

0.938  second 

0.957  second 

0.775  second 

0.898  second 

Plane  1 

0.857  second 

0.933  second 

0.885  second 

0.839  second 

0.932  second 

0.915  second 

502 


TABLE  NO. 18 


System  B.  C.C.U.  Type  53813-204  S/No. 100 
With  Battery  Card 

Testing  during  random  vibration  was  limited  to  response  and  reset 
t imes . 


Response  Time 

Reset 

Time 

Plane  3 

0.940  second 

1.08  seconds 
0.996  second 

0.953 

0.907 

0.926 

second 

second 

second 

Plane  2 

1.06  seconds 

0.627 

second 

0.858  second 

0.661 

second 

0.924  second 

0.889 

second 

Plane  1 

0.952  second 

0.620 

second 

1 . 100  seconds 

0.921 

second 

0.911  second 

0.971 

second 

504 


TABLE  NO. 19 


UV.A .t-XS.  COMPuTO/t  CON 
T)/fg:  S’38I3-2o4.  St  rial  A/*. 


W/7h*uT  MxTrtxy 


ItST  STACii • 

Q.  5310 


Af ter  . ibration 


[RA.SU. 

RSSui  LTS. 

4.1. 

0.C4 

OWM S. 

I24v 

420  Hm.  A  C. 

>o2  *31 

3qHz  fh  o-v^-i 

M2. 

Mi 

M4. 

M*. 

M3. 

M4. 

4-i.l. 

90 

).* 

AO 

1.8 

4.2.X 

no  ! 

58 

0 

102 

30 

0 

4.4 

106 

50 

0 

9* 

29 

0 

4.S. 

121 

21) 

n 

lfl» 

*v> 

0 

4.7  3.  _ 

4,7.4.  _ 

4.B.3.I.  ±1 
4.B.I.*.  t± 
4  8i.  3.  g* 
*.$».  Al 
4-9. 1.  Al 
4-4.*.  _ 
4-4.3.  _ 

4.10-1.  _ 

4.1  il  _ 

4.  /o.  _ 

4.  to  .f.  _ 

4.H  3.1.  tt 

4.11.  L. 

4.H.7  G 


S»3*g  X. 
102  v  36C//z  /b  oy.c. 

_ i> _ 

i 

_ 2_^ _ 5rcs . _ 

J*_Stres. _ 

•>.  i 5  8  SjtcS . 

u. ;;  Sacs  . _ 

0  .  Ift  75  SfCj 

_ -  >2  Volts. _ 

"t.9i  fejTt. _ 

_  J7,  ,0  VqLTS. _ 

2  7.’,’)  YoLTs  - _ 

2  7. 59  ToLTS  . _ 


VO  UTS- 
\  U4v 


flOMt.AC 


77  .\9  Volts  . 

n.j* 

Sns. 

M4.  i.4 

8)  A  • 

CrRuTiL. 

V4. 

f  ** 

5f<*  . 

£•  0.6? 

sect. 

L  4  7 

UlTs  . 

Sret . 


TABLE  NO. 20 


Detector  Unit  Type  53522-011  S/N0.XP6  and  Detector  Type  53521-012 


S/No.  ENV. 

Testing  during  random  vibration  was  limited  to  response  and  reset  times. 


53522-011  (XP6) 


53521-012  (ENV) 


Plane  3 


Plane  2 


Plane  I 


Response  Time 

Reset  Time 

.  Response  Time 

Reset  Time 

0.903  second 

0.942  sec. 

1.06  seconds 

0.895  sec. 

0.847  second 

0.947  sec. 

0 .  790  second 

0.953  sec. 

1.20  seconds 

0.975  sec. 

1  . 16  seconds 

0.931  sec. 

1.19  seconds 

0.963  sec. 

0.929  second 

0.63)  sec. 

0.968  second 

0.949  sec. 

1.03  seconds 

0.979  sec. 

1.2  seconds 

1.13  sec. 

0.996  second 

0.931  sec. 

1 .03  seconds 

0.989  sec. 

1 .08  seconds 

0.928  sec. 

1.17  seconds 

0.839  sec. 

1 .09  seconds 

0.878  sec. 

0.770  second 

0T870  sec. 

0.934  second 

0.870  sec. 

After  Vibration  testing.  Calibration  count  64. 5  p.p.s. 


Q. 5  304 
Para. 
5.2. 


53522-01 

1 (XP6) 

5352 1-0 12 (ENV) 

A 

B 

66.74 

69.79 

90.51 

33.  1 

28.0 

41  .b 

[7  20  Megohjn  s 

^20  Megohms 

TABLE  NO. 2! 


Detectors  Type  5  352 2—0 1  1 ,  S/Noa.  XPI  and  XP7  and  Detectors  Type 
53S2I-OI2,  S/Nos.  XPI  and  XPjT 


Before  acoustic  vibration.  Calibration  count  52  p.p.s. 


Detector  Tyne 

5  3522-0 1 1  i 

53521-012 

XPI 

XP7 

XPI 

XP5 

Q.5304  Para. 

lV 

A 

B 

5.2. 

54 

73 

68 

58 

5.2.1. 

25 

29 

36 

56 

5.3. 

0 

0 

0 

0 

0 

0 

5.4.1. 

1 

SATISFACTORY 

SATIS 

FACTORY 

5.4.2. 

SATISFACTORY 

SATISFACTORY 

5.5. 

>20  Megohms 

>>20  Megohms 

After  acoustic  vibration.  Calibration  count  59  p.p.s. 


Detector  Type 

Q.5304  Para. 

5.2. 

5.2.1. 

5.3. 

5.4.1. 

5.4.2. 

5.5 


5 3522-011 


SATISFACTORY 
SATISFACTORY 
>20  Megohms 


53521-012 


XPI 

XP7 

XPI 

XP5 

A 

B 

A 

»  ; 

76 

63 

49 

70 

70 

55 

40 

28 

32 

3) 

35 

24 

o 

1 

0 

o 

0 

0 

0 

SATISFACTORY 
SATISFACTORY 
>20  Megohms 


50  7 


TABLE  HO, 22 


U.V.A.F.D.S.  CREW.  WARNING  UNIT. 


Tyre--  ssais-zei.  &n 


list 


A6B!  After  Shock  Testing 


Q„”oa  Ifcov.J.C.  IHPuT  2<}o*T>.C.  Input. 
Pam. 

No.  VolTS.  I  *.A.  VOLTS.  \  m.A. 


4}-3. 


■  i. 


4.3.7. 


4-3.8 


■i. 


4  i.  I. 


100.0 


100.0 


1 10.0 


100.0 


■3. 


Insul. 


> 20  MeR. 


TABLE  NO. 25 


Detector  Unit  Type  53522-011  S/No.  XP6  and  Detector  Unit  Type 
53521-012  S/No.  ENV^ 

Response  and  Reset  times  after  shock  testing. 


i  53522-01 1(XP6) 

5352 1-01 2  (ENV) 

f — ' - 

i  Response  Time 

Reset  Time 

. 

Response  Time  1 

Reset  Time 

!  1.28  sec. 

1.01  sec. 

i 

0.958  sec. 

0.825  sec. 

1.28  sec . 

1.00  sec. 

0.782  sec. 

0.94  sec. 

1.28  sec. 

0.82  sec. 

0.992  sec. 

0.60  sec. 
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